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PASSENGER  ELEVATORS. 

BY  THOMAS  E.  BROWN,  -M.  AM.  Soc.  C.  E. 


It  is  not  the  writer's  intention  to  describe  the  multitude  of 
details  used  in  passenger  elevator  practice,  but  to  outline  the  steps 
of  their  general  evolution,  and  the  results  attained,  or  sought  to 
be  attained,  in  the  effort  to  improve  their  efficiency,  service  and 
safety. 

Until  the  advent  of  the  first  steam  passenger  elevator,  nearly 
half  a  centxiry  ago,  buildings  were  limited  to  a  few  stories,  and, 
while  this  type  of  elevator  stimulated  increased  height,  its  opera- 
tion was  too  slow  to  create  a  very  marked  effect,  and  it  was  not 
I    until  the  hydraulic  elevator  was  introduced  that  much  increase  in 
K    the  height  of  buildings  was  noticeable. 

The  water-balance   elevator   was   introduced  at  an   early  date, 
_j^  and  was  installed  in  a  few  buildings  throughout  the  country;  one  in 
the    Western   Union   Building,    New    York    City,    survived    until 
destroyed  by  fire  about  twelve  years  ago. 

This  elevator  consisted  of  a  car  suspended  by  cables  passing 

.£  over  a  sheave  at  the  top  of  the  building  and  attached  to  an  iron 

bucket  weighing  less  than  the  car.     At  the  will  of  the  operator, 

the  bucket  could  be  filled  with  water  or  emptied  by  a  hand  cable, 

,    attached  to  a  water-supply  valve  at  the  top  of  the  building  and 
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to  an  exhaust  valve  in  the  bottom  of  the  bucket.  The  bucket 
worked  in  an  iron  stand-pipe.  When  sufficient  water  was  admitted 
to  the  bucket  to  overbalance  the  car  and  its  load,  the  bucket 
descended  and  the  car  ascended,  and  when  the  water  was  allowed 
to  discharge  from  the  bucket  the  car  descended. 

The  machine  was  controlled  by  a  brake  acting  on  the  guide 
strips.  This  elevator  was  not  provided  with  any  automatic  con- 
trolling devices,  could  move  at  great  speed,  and  the  passengers  were 
entirely  at  the  mercy  of  the  operator.  It  soon  fell  into  disfavor, 
and  the  field  was  left  to  the  slower  steam  elevator. 

In   1878   the   vertical-cylinder   type   of   hydraulic    elevator,   the 

/        invention  of  Cyrus  W.  Baldwin,  was  introduced  in  New  York  City, 

and  installed  in  the  Boreel  Building.     This  elevator  became  the 

standard   hydraulic   type,    and   remains   so   to-day,    though   greatly 

improved  in  detail. 

Its  introduction  at  once  increased  the  height  of  buildings,  until 

X        the  limit  of  height  of  brick  bearing  walls  was  reached,  when  there 

was  a  short  period  of  rest.     Then  came  the  steel-framed  structure, 

causing  a  rapid  advance  in  the  height  of  buildings,  as  yet  appa- 

V  rently  unchecked,  until,  while  the  skill  of  the  elevator  constructor 

formerly  set  the  task  for  the  builder,  the  structural  engineer  now 

gives  the  elevator  engineer  a  problem  not  easy  of  solution;  but 

the  commercial  limits  of  height  will  be  reached  long  before  the 

resources  of  either  are  exhausted. 

Up  to  1893,  the  hydraulic  elevator,  of  either  the  vertical  or 
horizontal  type,  had  held  the  field  for  high-speed  passenger  service, 
although  electric  elevators  had  been  invented  and  built  some  years 
before. 

In  1884  Mr.  William  Baxter,  Jr.,  had  invented  an  electric  ele- 
vator rising  constant  current,  and  had  installed  one  in  a  building 
-J     in  Baltimore  in  1887,  yet  it  attracted  but  little  attention,  and  was 
not  introduced  further. 

In  1885  Schuyler  S.  Wheeler,  M.  Am.  Soc.  C.  E.,  took  out  a 
patent  for  an  electric  elevator,  in  which  it  was  proposed  to  use 
constant-potential,  shunt  motors  and  magnet  brakes,  general 
features  now  used  universally. 

J  In   1889    Mr.    Norton    P.    Otis,    in    conjunction    with    Messrs. 

Kudolph  Eickemeyer  and  B.  C.  Smith,  designed  an  electric  elevator 
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of  the  drum  type,  two  of  which  were  installed  at  Fifth  Avenue  and 
Thirty-third  Street,  New  York  City.  This  elevator  was  successful, 
and  other  installations  followed  rapidly. 

In  Europe,  the  elevator,  or  "lift,"  most  used  was  the  direct- 
acting  ram,  or  "Plunger"  elevator;  but  suspended  lifts  were  being 
introduced  rapidly,  as  their  use  avoided  the  great  expense  of 
boring  the  deep  wells  required  for  the  plunger  type. 

The  introduction  of  high-pressure  hydraulic  systems,  in  London 
and  other  large  cities  of  Great  Britain,  created  a  demand  for 
hydraulic  elevators  to  be  operated  from  the  street  pressure  systems, 
which  had  been  established  at  pressures  of  750  Ib.  per  sq.  in.;  and 
many  such  elevators  were  installed  by  English  makers,  and  a 
number  were  built  by  Otis  Brothers  and  Company  and  exported 
to  England,  although  the  advantages  of  high  pressure  were  not 
yet  generally  understood  in  the  United  States,  notwithstanding  that 
there  had  been  a  gradual  increase  of  hydraulic  pressures  from  about 
60  to  about  125  Ib. 

At  the  Columbian  Exposition  of  1893,  at  Chicago,  the  exhibits 
of  the  various  makers  of  elevators  covered  the  art  as  it  existed  in 
America  at  that  date.  A  few  types  were  exhibited  which  have  never 
been  put  to  practical  use,  and  therefore  need  not  be  discussed. 
Of  those  in  practical  use,  there  were  exhibited  the  two  standard 
types  of  hydraulic  elevator  machine,  viz.,  the  vertical-cylinder  and 
horizontal-cylinder  machines,  and  a  machine  for  a  pressure  of  750 
Ib.  per  sq.  in.,  designed  for  the  London  hydraulic  service,  and  parts 
of  a  similar  machine,  but  on  a  larger  scale,  installed  later  at  the 
Glasgow  Harbor  Tunnel. 

The  electric  elevators  exhibited  were  mainly  of  the  drum  type, 
and  essentially  the  same  as  the  one  before  mentioned,  designed  by 
Messrs.  Otis,  Smith  and  Eickemeyer. 


HYDRAULIC  ELEVATORS. 

The  vertical  hydraulic  elevator  of  1893  consisted  of  a  cylinder 
and  piston  attached  by  piston  rods  to  a  traveling  frame,  carrying 
sheaves  around  which  passed  the  cables  supporting  the  car.  Stand- 
ing sheaves  were  placed  high  enough  in  the  shaft  to  allow  room  for 
the  stroke  of  the  piston.  The  ends  of  the  cables  were  made  fast 
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at  the  standing  sheaves  and  were  passed  under  each  traveling  sheave 
and  over  each  standing  sheave,  alternately,  then  passed  to  the  top 
of  the  building  and  over  fixed  overhead  sheaves  down  to  the  car, 
where  they  passed  through  a  curved  beam  or  spreader  (technically 
called  a  "Girdle"),  where  they  were  spread  and  passed  down  at 
the  sides  of  the  car,  and  were  fastened  under  the  car  bottom  to  an 
iron  beam,  or  ironed  timber,  carrying  the  safety  devices,  and  tech- 
nically known  as  the  "Safety  Plank." 

The  cables  passing  around  the  traveling  and  fixed  sheaves  formed 
a  "Tackle,"  and  multiplied  the  stroke  of  the  piston  an  amount 
equal  to  twice  the  number  of  traveling  sheaves.  This  ratio  was 
called  the  "Gear,"  and  represented  the  ratio  of  car  travel  to  piston 
travel.  The  dead  weight  of  the  car  was  counterbalanced  partially 
by  the  weight  of  the  piston  and  traveling  sheaves,  to  which  cast- 
iron  weights  were  added,  leaving  just  sufficient  unbalanced  weight 
to  enable  the  car  to  descend  at  a  proper  speed  when  empty,  and  to 
overcome  the  momentum  of  the  entire  moving  mass  when  ascending 
and  bring  it  to  rest  within  a  proper  distance  when  the  power  was 
cut  off. 

The  horizontal  machine  of  the  pulling  type  was  essentially  the 
same  as  the  vertical  machine  laid  on  its  side,  but,  to  save  space, 
was  of  higher  gear,  and  the  traveling  sheaves,  as  also  the  standing 
sheaves,  were  placed  side  by  side  on  single  fixed  shafts,  the  sheaves 
revolving  independently  on  bushings. 

The  horizontal  pushing  machine  differed  from  the  pulling 
machine  in  that  the  standing  sheaves  were  supported  on  the  back 
head  of  the  cylinder,  and  the  piston  was  connected  to  the  traveling 
sheaves  by  a  column  or  strut  and  the  sheaves  were  pushed,  instead 
of  being  pulled  apart. 

The  usual  gear  of  horizontal  machines  was  10:1,  and  the  stroke 
was  varied  to  suit  the  rise  of  the  car,  while  the  length  of  the  vertical 
cylinders,  being  only  limited  by  the  height  of  the  building,  the  gear 
could  be  made  as  low  as  4 :1,  and  with  low  buildings  even  2 :1. 

With  the  horizontal  machine,  the  weight  of  the  piston  and 
traveling  sheaves  could  not  assist  in  balancing  the  car,  hence,  an 
independent  counterbalance  weight,  attached  to  the  car  by  separate 
cables,  was  used. 

With  the  horizontal  cylinders,  pressure  water  was  admitted  to 
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the  cylinder  to  cause  the  car  to  ascend,  and  was  discharged  when 
the  car  descended,  the  unbalanced  weight  of  the  car  being  sufficient 
to  overcome  friction,  and  force  the  water  through  the  ports  and 
discharge  pipe  to  the  discharge  reservoir. 

The  same  arrangement  with  the  vertical  cylinder  would  involve 
a  variation  in  the  head  equal  to  the  stroke  of  the  piston.  To  avoid 
this,  these  machines  were  circulating,  that  is,  water  was  carried 
under  the  piston,  and  when  the  car  ascended  pressure  water  was 
taken  in  at  the  top  of  the  cylinder,  and  the  water  under  the  piston 
was  discharged.  When  the  car  descended,  and  the  piston  rose,  the 
water  circulated  from  the  top  of  the  cylinder  through  a  pipe 
at  the  side  of  the  cylinder  into  the  bottom  of  the  cylinder 
under  the  piston,  to  be  discharged  again  during  the  down 
stroke  of  the  piston.  Thus  the  effective  pressure  was  uniform 
during  the  stroke.  As  the  atmospheric  pressure  is  depended  upon 
to  keep  the  water  up  under  the  piston,  the  length  of  stroke  is  lim- 
ited to  the  height  due  to  atmospheric  pressure,  or  at  sea  level  to 
about  33  ft.  above  the  surface  of  the  discharge  reservoir.  Longer 
strokes  could  be  accomplished  by  siphoning  the  discharge  pipes, 
involving  a  loss  of  head  equal  to  the  height  of  the  siphon.  Hence, 
wherever  practicable,  it  was  usual  to  limit  the  stroke  to  about  33  ft., 
and  arrange  the  gear  to  suit  the  car  travel. 

The  operating  valves  of  the  three  machines  described  were  essen- 
tially the  same,  and  consisted  of  balanced  piston  valves  in  cast-iron 
barrels  with  perforated  brass  linings. 

The  piston  valves  were  packed  with  leather  cups,  and  had  metal 
tapered  followers  of  such  form  as  to  produce  a  very  gradual  cut-off 
to  bring  the  machine  to  rest  without  shock.  These  valves  were 
usually  operated  by  a  rack  and  pinion,  and  an  endless  rope  passing 
through  the  car,  wound  on  a  wheel  on  the  pinion  shaft;  but  the 
higher  pressures  and  greater  speeds  necessitated  by  the  higher  build- 
ings then  being  constructed  had  caused  such  an  increase  in  the 
size  of  the  valves  that  they  were  beyond  the  power  of  the  attendants 
to  move  with  ease  and  certainty,  and  a  secondary  or  pilot  valve  was 
required  to  control  a  motor  piston,  which  in  turn  moved  the  main 
valve.  The  pilot  valve  was  moved  by  a  wheel  or  lever  in  the  car, 
connected  to  the  pilot  valve  by  a  cable  device,  of  which  the  "Stand- 
ing Rope"  and  "Running  Rope"  devices  were  the  principal  types. 
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The  pilot  valve  and  main  valve  stems  were  connected  by  a  system 
of  levers,  such  that  the  movement  of  the  main  valve  tended  to  control 
the  pilot  valve,  making  the  motion  of  the  main  valve  proportional 
to  the  motion  of  the  pilot  valve,  and  in  turn  proportional  to  the 
movement  given  to  the  wheel  or  lever  by  the  operator  in  the  car. 

At  this  date  (1893),  no  special  attention  was  paid  to  economy 
of  operation  of  elevator  plants.  Practically  all  hydraulic  elevators 
were  operated  by  compound,  duplex,  direct-acting,  steam  pumps, 
which  delivered  into  compression  tanks  placed  either  in  the  base- 
ment or  at  the  top  of  the  building.  In  either  case  dependence  was 
placed  on  the  supply  of  compressed  air  in  the  tanks  to  take  care  of 
the  fluctuations  of  pressure  due  to  momentary  variations  of  power. 
Where  buildings  were  high  enough,  the  roof  tanks  had  the  great 
advantage  of  less  fluctuation  of  pressure,  due  to  the  constant  static 
head,  and  therefore  caused  greater  steadiness  in  the  operation  of 
the  pumps  and  corresponding  economy  in  consumption  of  steam. 

Such  was  the  state  of  the  hydraulic  elevator  art  in  1893;  and 
the  general  types  of  low-pressure  hydraulic  elevators  remain  the 
same  up  to  the  present  day.  Increased  duties,  requiring  increased 
pressures  and  more  powerful  machines,  have  resulted  in  changes  in 
details  and  the  general  strengthening  of  parts. 

The  old,  forged-strap  traveling-sheave  frame,  hung  in  the  air 
without  guides,  has  given  way  to  a  rigid, .  riveted  frame  traveling- 
in  metal  guides.  The  light,  cast-iron  cylinders,  with  flat-faced 
joints,  have  been  superseded  by  heavy  cylinders,  still  of  cast  iron, 
but  with  heavy  and  strongly-bolted  flanges,  with  carefully  fitted 
male  and  female  joints.  The  light  pistons,  formerly  packed  with 
large  leather  cups  reinforced  with  a  wearing  surface  of  canvas  and 
rubber  rings,  have  been  replaced  by  hemp  and  flax-packed  pistons 
with  bronze  follower  glands.  The  present  types  of  vertical  and 
horizontal  hydraulic  elevator  engines  are  shown  on  Plates  XI  arid 

xn. 

When  the  electric  elevator  came  into  general  use,  such  claims 
were  made  as  to  its  great  economy,  in  that  it  used  power  proportional 
to  the  actual  work  done,  and  in  that  electric  power  eould  be  produced 
more  cheaply  than  hydraulic  power — claims  which  experience  has 
not  yet  substantiated — that  makers  of  hydraulic  elevators  turned 
their  attention  to  economy  of  operation.  The  first  step  was  to 
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compensate  the  variation  of  power  due  to  the  change  of  position  of 
the  cables  during  the  mn,  which,  for  elevators  of  even  moderately 
high  rise,  was  an  important  percentage  of  the  work  to  be  done. 

For   a   standard  vertical  machine,   counterbalanced  on  piston, 
this  variation  amounted  to: 


in  which 

R  =  rise  of  the  elevator: 

G  =  the  gear,  or  ratio  of  car  travel  to  piston  travel; 

w  =  the  weight  of  the  cables  per  unit  of  length. 

For  a  standard  horizontal  machine,  with  independent  counter- 
balance weight: 

in  which 

w  =  weight  per  unit  of  length  of  lifting  ropes,  and 
w1  =  the  weight  per  unit  of  length  of  counterbalance  ropes. 
The  car,  when  at  the  top  of  its  travel,  having  to  descend  by 
gravity,  its  unbalanced  weight  required  to  be  sufficient  to  overcome 
this  cable  variation,  besides  the  overbalance  required  for  other 
reasons.  The  magnitude  of  this  for  a  rise  of,  say,  180  ft.  and  the 
usual  load  of  2  500  Ib.  can  be  seen  readily  by  an  example :  Such 
an  elevator,  of  the  vertical-cylinder  type,  would  usually  be  provided 
with  four  f-in.  cables,  each  weighing  0.7  Ib.  per  ft.  =  2.8  Ib.  total 
=  w,  and  would  be  geared  6 :1 ;  hence  the  cable  variation  would 
amount  to 

(   ISO  +  -  —  )   X  2.8  =  588  Ib., 

or  about  23.5%  of  the  net  load  to  be  lifted.  A  horizontal  machine, 
'  for  a  similar  rise  and  duty,  would  usually  be  provided  with  two  f-in. 
lifting  cables,  each  weighing  0.9  Ib.  per  ft.,  or  1.8  Ib.  for  the  two, 
and  two  f-in.  cables  weighing  together  1.4  Ib.  per  ft.,  carrying  the 
counterbalance  weight.  The  cable  variation  would  amount  to: 

(180  X  1.8)  -f  (2  X  180  X  1.4)  —  828  Ib. 
or  about  33%  of  the  net  load  lifted. 

It  seems  strange  that  for  many  years  elevators  should  have  been 
operated  subject  to  this  unnecessary  and  extravagant  tax  on  the 
coal  pile,  when  it  could  have  been  remedied  by  the  simple  expedient 
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of  hanging  to  the  cars  or  counterbalance  weights,  chains  or  cables 
of  such  weight  per  unit  of  length  as  to  compensate  for  the  cable 
variation. 

The  present  practice  is  to  hang  chains  in  the  shaft.  These  are 
attached  at  one  end  to  the  wall  of  the  shaft,  at  about  the  middle 
of  the  elevator  run,  and  at  the  other  end  to  the  bottom  of  the  car, 
thus  the  chains  hang  in  a  loop  in  the  shaft  and  travel  up  and  down 
with  the  car.  When  the  car  is  at  the  bottom  of  its  travel  the  chains 
hang  on  the  wall  of  the  shaft;  when  the  car  is  at  the  top  of  the 
shaft  the  chains  hang  on  the  car;  hence  the  total  weight  of  chain 
must  equal  the  cable  variation,  V,  or  as  the  length  is  half  the  rise, 

Y 

-R,  the  weight  per  unit  of  length  must  be  —  2  — -. 

When  an  independent  counterbalance  is  used,  the  same  result  is 
obtained  if  the  chain  is  fastened  to  the  independent  weight  instead 
of  the  car,  with  the  further  advantage  that  the  weight  of  the  chain 
acts  as  and  can  replace  part  of  the  counterbalance.  A  still  better 
method  is  to  fasten  one  end  of  the  chain  to  the  counterbalance,  and 
the  other  to  the  car,  in  which  case  the  chain  has  double  effect; 
hence  its  total  weight  need  be  but  half  the  cable  variation,  V,  and, 

as  its  length  is  R,  its  weight  per  unit  of  length  is  -^-p  or  one-quarter 

of  the  size  required  by  the  first  case. 

Space  conditions  rarely  admit  of  attachment  of  the  chains  to 
the  counterbalance;  hence  the  first  method  (Fig.  1)  though  requir- 
ing chains  four  times  as  heavy,  and  of  twice  the  total  weight,  is  the 
general  practice.  Objection  is  made  to  the  chains  on  account  of 
their  unsightliness  and  noise,  but  otherwise  they  are  perfectly 
effective. 

A  method  of  compensating  the  cable  variation  hydraulically 
was  applied  at  the  St.  Paul  Building,  New  York  City,  in  1895, 
and  has  been  used  since  in  several  other  buildings;  and,  while  a 
more  elegant  method  than  the  chains,  doing  away  with  their  disad- 
vantages, it  requires  additional  space  which  caunot  often  be  ob- 
tained. 

It  consists  of  a  vertical  pipe,  connected  to  the  bottom  of  the 
cylinder,  of  such  relative  volume  to  the  volume  of  the  cylinder  as 
to  cause  the  water  when  discharged  from  the  cylinder  to  rise  in 
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DIAGRAM  ILLUSTRATING  COMPENSATION 
OF  ROPE  VARIATION  BY  CHAINS 
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the  pipe  and  produce  a  back  pressure  under  the  piston,  increasing 
in  proportion  as  the  cable  balance  varies.     It  is  illustrated  in  Fig.  2. 

As  the  piston  travels   times   the  distance  traveled  bv  the  car, 

G 

the  total  variation  of  pressure   on  the  piston,  to  compensate  for  the 
rope  variation,  V,  must  =  G  V ;  or,  the  water  must  rise  in  the  pipe  a 

G  V 

height,  JT— ,  in  which  A  is  the  area  of  the  piston:  but.  as 

0.434  A 

the  volume   swept  through   by  the  piston  must  equal  the  change  of 
volume  in  the  pipe, 


0.434  A 


in   which   d   and  I)   are  the   diameters    of   the   pipe    and    cylinder, 
respectively,  and  S  —  the  stroke  of  the  piston: 


0.1085 

The  pipe  is  open  at  the  top  at  the  exact  height  required,  and 
is  provided  with  a  catch-basin  and  drain;  hence  any  surplus  of 
water  due  to  leakage  through  the  piston  is  ejected,  and  the  apparatus 
adjusts  itself  on  each  trip. 

The  rope  losses  having  been  taken  care  of,  builders  turned  their 
attention  to  still  further  economies.  The  hydraulic  engines  in 
themselves  were  highly  efficient  as  machines,  as  from  75  to  90% 
of  the  work  done  on  the  pistons  was  transformed  into  actual  work 
on  the  cables.  The  friction  of  the  piston  packings  was  small,  and 
no  means  could  be  suggested  to  decrease  it;  also  the  axle  friction 
of  the  multiplying  sheaves  was  low,  as  the  ratio  of  sheave  diameter 
to  axle  diameter  was  usually  10  or  12,  and  the  coefficient  of  axle 
friction  was  about  0.05.  The  losses  due  to  bending  the  cables 
over  the  sheaves  were  very  small,  as  the  ropes  were  pliable  and  of 
small  diameter,  relatively  to  the  sheaves. 

Roller  and  ball  bearings  were  tried  on  the  sheave  axles,  but  with 
too  little  effect  to  warrant  their  general  use.  Hence  little  was  to 
be  expected  from  attempts  to  decrease  the  mechanical  friction  of 
the  apparatus,  and  the  efforts  for  improvement  were  directed  toward 
decreasing  the  percentage  of  hydraulic  losses  in  the  pipes  and 
valves,  increasing  the  efficiency  of  the  pumping  engines  producing 
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the  hydraulic  power;  and  in  regulating  the  consumption  of  the 
power  to  the  needs  of  the  work  actually  being  done  at  the  moment. 

The  decrease  of  hydraulic  losses  was  accomplished  by  the  use 
of  higher  pressures,  from  175  to  200  lb.,  and  by  a  slight  increase 
in  the  sizes  of  pipes  and  valves  used.  The  gain  by  this  latter 
method,  however,  was  but  slight,  as  these  details  were  already  as 
large  as  space  conditions  in  buildings  would  allow. 

The  success  of  the  high-pressure  hydraulic  system  in  London, 
and  the  small  elevators  built  for  use  at  this  high  pressure,  led 
makers  in  the  United  States  to  install  high-pressure  plants. 

A  high-pressure  hydraulic  elevator  system  for  freight  purposes, 
designed  by  Mr.  E.  C.  Smith,  had  been  installed  at  the  Brooklyn 
Sugar  Refinery,  by  Otis  Brothers  and  Company  in  1890,  and  a 
similar  plant  of  49  elevators,  designed  by  Mr.  George  H.  Reynolds, 
was  installed  in  1895  at  the  Cupples  Buildings,  St.  Louis,  Mo.,  by 
the  Crane  Elevator  Company.  These  plants  demonstrated  the 
economy  of  the  high-pressure  system,  especially  where  the  dis- 
tribution of  power  extended  over  a  large  area,  and  the  latter  was  the 
first  installation  to  which  a  high-class  pumping  engine  was  applied. 
This  was  a  compound,  fly-wheel,  pumping  engine,  built  by  the 
Laidlaw-Dunn-Gordon  Company,  and  was  the  forerunner  of  pump- 
ing engines  of  the  type  now  used  extensively  in  elevator  systems. 

In  1894  a  plant  of  12  elevators,  operated  under  a  pressure  of 
800  lb.  per  sq.  in.,  was  built  by  Otis  Brothers  and  Company,  of 
New  York,  and  installed  in  the  shafts  of  the  Glasgow  Harbour 
Tunnel,  Scotland.  Those  were  used  for  lowering  and  lifting  vehicles 
and  passengers  using  the  tunnel,  and  it  was  the  first,  and  probably 
the  only,  instance  where  elevators  were  the  only  means  of  access  to 
and  egress  from  a  tunnel.  These  elevators  were  described  and 
illustrated  fully  in  Engineering  at  the  time  of  their  installation. 
Their  success  led  Otis  Brothers  and  Company  to  install  similar 
elevators  in  office  buildings,  and  in  1896  a  plant  of  four  was 
installed  in  the  Girard  Trust  Company's  building,  Broad  and 
Chestnut  Streets,  Philadelphia,  Pa.,  and  shortly  afterward  a  similar 
plant  was  installed  in  the  American  Tract  Society  Building, 
Nassau  Street,  New  York  City. 

Several  high-pressure  elevator  installations  were  also  made,  at 
about  the  same  time,  in  Chicago,  by  the  Crane  Elevator  Company. 
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The  installation  in  the  Girard  Trust  Building,  in  Philadelphia, 
was  the  first  passenger  elevator  plant  in  which  the  consumption  of 
power  was  in  some  degree  proportional  to  the  work  to  be  done,  i.  e., 
the  load  to  be  lifted.  This  was  accomplished  by  a  differential 
machine,  consisting  of  a  piston  working  in  a  cylinder,  the  piston 
being  attached  to  a  ram,  or  enlarged  piston  rod,  the  area  of  the 
ram  being  proportioned  to  the  assumed  average  load,  and  the  area 
of  the  piston  to  the  maximum  load.  -An  automatic  change  valve 
(invented  by  Mr.  K.  H.  Thorpe),  was  arranged  so  that  the  annular 
space  around  the  ram  and  under  the  piston  could  be  connected  with 
the  discharge  reservoir,  or  with  the  pressure  main,  the  change 
valve  itself  being  operated  by  the  pressure  in  the  upper  end  of  the 
cylinder  above  the  piston. 

When  the  lower  end  of  the  cylinder  is  connected  with  the  dis- 
charge reservoir,  the  power  exerted  is  that  due  to  the  full  area  of 
the  piston,  and  the  machine  consumes  the  full  volume  of  the 
cylinder  of  pressure  water.  When  the  automatic  valve  connects  the 
lower  end  of  the  cylinder  with  the  pressure  system,  the  water  in 
the  annular  space  is  circulated  into  the  upper  end  of  the  cylinder, 
and  the  machine  consumes  only  the  volume  of  the  ram.  As  the 
pressure  in  the  top  of  the  cylinder  is  a  measure  of  the  load  in  the 
car,  the  change  valve  adjusts  the  consumption  automatically  to 
suit  the  load.  The  economy  of  such  an  apparatus  can  be  readily 
understood  when  it  is  considered  that,  in  ordinary  passenger  service 
in  office  buildings,  the  average  load  carried  by  an  elevator  rarely 
exceeds  one-half  of  its  total  lifting  capacity,  and  very  frequently 
is  not  more  than  one-third.  Hence,  where  such  a  device  is  not  used, 
the  hydraulic  elevator  must  consume  its  full  power  with  every  trip, 
notwithstanding  that  the  full  load  may  be  quite  an  unusual  occur- 
rence. The  operation  of  this  device  is  shown  in  Fig.  3,  the  direction 
of  the  arrows  showing  the  flow  of  the  water  under  the  different 
conditions. 

This  plant  was  operated  by  two  Worthington,  compound, 
duplex,  pressure  pumps,  and  two  Worthington,  steam  accumulators. 

The  plant  installed  in  the  Girard  Building  was  successful,  and 
is  in  use  to-day,  but  new  controlling  valves,  of  the  low-pressure 
pilot  type,  described  hereafter,  have  been  substituted  lately  for  the 
original  valves. 
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In  general,  these  high-pressure  plants  were  not  successful.  They 
fulfilled  all  that  was  expected  of  them  as  lifting  machines,  and  in 
economy  of  operation;  but  the  high  pressures  used  necessitated 
extremely  small  pilot  valves,  in  which  it  was  difficult  to  maintain 
the  packings,  and  which,  when  not  packed,  involved  too  great  a 
loss  by  leakage,  and  hence  were  difficult  to  handle,  a  slight  variation 
in  the  condition  of  the  pilots  destroying  the  adjustment  of  the 
operating  devices.  Also,  the  necessarily  small  appertures  in  the 
pilots  were  readily  clogged  by  shreds  of  packing.  Hence  they 
fell  into  disfavor,  and  in  some  instances  were  removed  and  other 
types  installed  in  their  places. 

These  difficulties  led  elevator  builders  to  give  attention  to  the 
improvement  of  the  low-pressure  types,  in  the  endeavor  to  attain 
the  same  economies  accomplished  with  the  high-pressure  and  yet 
retain  the  simple  construction  of  the  old  standard  types,  and  in 
1896  plants  were  installed  in  the  Bowling  Green  and  St.  Paul 
Buildings,  and  in  1898  in  the  Standard  Oil  Building,  in  New 
York  City,  in  which,  instead  of  arranging  the  machines  themselves 
to  be  of  varying  power,  two  pressures  were  supplied:  low  pressures, 
suited  to  the  average  loads  to  be  carried,  and  which  were  usually 
from  100  to  120  lb.;  and  high  pressures,  to  suit  the  heavier  loads, 
which  were  from  180  to  200  lb.  A  special  form  of  controlling  valve 
was  used  by  which  either  the  high  or  low  pressure  could  be  admitted 
to  the  cylinder,  as  required. 

The  use  of  this  system  developed  an  advantage,  which  had  not 
been  foreseen:  Even  when  the  cylinder  was  connected  with  the 
high  pressure,  unless  the  load  in  the  car  required  this  high  pressure, 
a  proportion  of  the  low  pressure  water  was  taken  into  the  cylinder 
by  the  injector  action  of  the  high-pressure  water  moving  at  high 
velocity  through  the  valve,  so  that  the  consumption  of  power  was 
adjusted  automatically  to  the  requirements  of  the  actual  load  in 
the  car. 

At  the  Bowling  Green  and  St.  Paul  Buildings,  the  primary  or 
low  pressure  was  produced  by  Worthington,  direct-acting,  triple- 
expansion,  pumping  engines.  The  higher  pressure  was  produced 
by  a  '^Booster,"  which  was  an  ordinary,  direct-acting,  compound, 
duplex  pump,  taking  suction  from  the  low-pressure  system,  and 
boosting  to  the  higher  pressure.  By  this  arrangement  all  the  water 
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used  was  pumped  by  an  economical  engine  to  the  lower  pressure 
(the  pressure  generally  used).  The  booster  having  to  do  only  the 
occasional  work,  and  only  performing  the  difference  in  work  between 
the  low  and  the  high  pressure,  could  be  of  smaller  dimensions,  and 
of  a  less  expensive  type. 

At  the  Standard  Oil  Building,  a  three-cylinder  compound,  fly- 
wheel, pumping  engine  designed  by  Forrest  M.  Towl,  M.  Am.  Soc. 
C.  E.,  was  used,  arranged  so  that,  normally,  all  three  pump  cylinders 
delivered  into  the  low-pressure  tank,  and,  by  a  change  valve,  con- 
trolled automatically  by  the  high-pressure  tank,  one  cylinder  could 
be  thrown  in  series  with  the  others,  and  deliver  into  the  high- 
pressure  tank.  Fig.  4  shows  the  general  arrangement,  as  used  at 
the  Bowling  Green  Building,  and  is  representative  of  the  others. 

The  high-pressure  plant  installed  in  the  American  Tract  Society 
Building  was  replaced  in  1897  by  a  novel  type  of  elevator  designed 
by  Messrs.  R.  T.  Crane  and  George  H.  Reynolds.  This  is  shown  in 
Plate  XIII.  This  machine  consists  of  a  heavy  plunger,  of  a  length 
a  little  over  half  the  rise  of  the  car.  This  is  hung  at  its  upper 
extremity  to  a  sheave  under  which  the  ropes  supporting  the  car  pass, 
thus  making  the  gear,  or  ratio  of  car  travel  to  plunger  travel,  2 :1.  The 
plunger  passes  through  a  stuffing-box  and  into  a  cylinder  of  steel  pipe 
of  slightly  larger  diameter  than  the  plunger.  The  plunger  is  of  suffi- 
cient weight  to  lift  the  car  and  its  load,  and  overcome  the  frictional 
resistance  of  the  mechanical  parts  as  well  as  the  hydraulic  resist- 
ance of  the  valve  and  pipes,  when  the  water  is  allowed  to  discharge 
from  under  it.  The  car  is  lowered  by  admitting  water  pressure 
under  the  plunger,  thus  supporting  part  of  its  weight  and  allowing 
the  car  to  descend.  The  long  column  of  water  under  the  plunger, 
when  the  plunger  is  in  its  upper  position,  is  supported  by  air 
pressure  in  a  closed  discharge  reservoir,  and  the  difference  of  head, 
due  to  the  varying  height  of  the  column  of  water  under  the 
plunger,  is  compensated  by  the  weight  of  the  cables  suspending 
the  car.  For  this  purpose,  the  weight  of  the  cables  per  unit  of 
length  is: 

w  =  0.434  -4  =  0.1447  A, 

O 

in  which  A  =  the  area  of  the  plunger. 

The  pressure,  for  raising  the  plunger  and  lowering  the  car,  is 
produced  by  a  fly-wheel,  pumping  engine  delivering  into  a  weighted 
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accumulator.  This  elevator  is  excellent  in  operation,  running  with 
smoothness  and  speed,  and  making  excellent  stops.  Several  were 
installed  in  various  buildings  (principally  in  the  West),  and  it 
would  have  become  a  popular  type  but  for  an  unfortunate  accident, 
due  to  the  failure  of  the  air  pressure  in  the  discharge  reservoir. 

This  trouble  was  obviated  afterward  by  substituting  for  the  air- 
pressure  reservoir  an  open-discharge  reservoir  placed  at  a  higher 
elevation  than  the  head  of  the  cylinder.  Nevertheless,  the  elevator 
had  lost  its  popularity,  and  no  further  installations  were  made. 
It  is,  however,  a  type  possessing  the  advantages  of  low  gear  and 
requiring  small  horizontal  space.  It  is  suitable  for  use  in  very  high 
buildings,  admits  of  the  application  of  high  pressures  and  their 
resulting  economy,  and  there  is  no  doubt  that  it  will  come  into 
more  general  use  in  the  future. 

About  1899  the  plunger  type  of  elevator  came  into  use  on  a 
larger  scale.  It  is  the  machine  used  for  many  years  in  Europe, 
where  it  had  received  a  high  development.  It  had  been  used  in  this 
country  extensively  for  very  heavy  freight  purposes  and  short  lifts, 
and  had  been  applied  for  passenger  service  for  low  buildings  and 
short  rises;  but  improvements  in  the  art  of  drilling  holes  in  the 
ground  developed  by  the  oil  industry,  and  the  improvement  made 
by  steel  pipe  makers  in  their  product,  reduced  to  some  extent  the 
great  expense  heretofore  incident  to  the  installation  of  this  type, 
and  it  was  introduced  and  is  being  used  to-day,  to  an  extent  not 
warranted  by  its  actual  merits.  Its  chief  advantage  is  that,  the 
cylinder  being  sunk  in  the  ground,  the  usual  space  in  the  building 
taken  for  machines  of  other  types  is  saved;  but  when  it  is  con- 
sidered that  the  space  taken  up  by  the  actual  elevator  machine  in 
any  case  is  but  a  small  proportion  of  the  space  taken  up  by  the 
apparatus  producing  the  power  to  operate  it  and  the  means  of 
controlling  it,  this  is  not  as  great  an  advantage  as  would  appear 
at  first  sight.  In  the  mind  of  the  public,  such  a  machine  seems 
safe,  in  that  the  car  is  supported  from  underneath  instead  of  being 
suspended,  and  this  has  inspired  such  confidence  that  these  machines 
are  usually  installed  without  any  safety  devices  whatsoever.  With 
the  high  speeds  and  high  rises  usual  to-day,  this  sense  of  security 
is  not  justified.  This  type  of  machine  is  shown  on  Plate  XIV.  It 
consists  of  a  tube  sunk  in  the  ground  a  distance  equal  to  the  rise 
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of  the  elevator,  a  plunger  attached  to  the  bottom,  of  the  car  working 
in  this  tube  through  a  stuffing-box.  The  variation  of  the  plunger 
displacement  is  compensated  by  the  weight  of  the  cables  connecting 
the  car  to  the  counterbalance  weight,  thus  the  variation  of  pressure 
under  the  plunger  for  each  unit  of  movement  is  equal  to  0.434  A, 
in  which  A  is  the  area  of  .the  plunger.  For  each  unit  of  movement 
of  the  car  the  cables  gain  or  lose  one  unit  of  length  on  the  car 
side,  and  lose  or  gain  one  unit  of  length  on  the  counterbalance  side, 
doubling  their  effect;  thus  the  weight  of  the  cables  per  unit  of 
length  must  be  equal  to 

0.434  ~  =  0.217  A. 

The  mechanical  efficiency  of  this  machine  is  very  high,  nearly 
90% ;  but  its  net  efficiency  for  high  rises  and  high  speeds  is  low, 
on  account  of  the  large  amount  of  unbalanced  weight  required  to 
bring  the  moving  masses  to  rest. 

The  advantages  of  high-pressure  elevators,  namely,  low  per- 
centage of  hydraulic  loss,  admitting  of  high  speed  with  reasonable 
sizes  of  valves  and  pipes  and  maintenance  of  speed  close  to  the 
limit  of  the  lifting  capacity;  greater  economy,  due  to  the  reduction 
of  hydraulic  losses,  especially  where  power  is  distributed  over  large 
distances;  saving  of  space,  etc.,  caused  elevator  builders  to  give 
great  study  to  the  one  defect,  namely,  the  pilot  valve.  But  no 
important  success  was  reached  until  Mr.  H.  F.  Witte,  of  Chicago, 
hit  upon  the  simple  expedient  of  abandoning  the  high-pressure 
pilot  valve  and  operating  the  high-pressure  controlling  valve  by  a 
low-pressure  piston  and  pilot  valve,  taking  pressure  from  a  separate 
system. 

This  at  once  solved  the  problem,  as  it  eliminated  the  one  objec- 
tionable feature,  and  substituted  the  well-known  low-pressure  pilot, 
which  had  been  in  successful  use  for  many  years.  This  arrangement 
is  shown  in  Fig.  5. 

With  the  high-pressure  elevator,  the  discharge  reservoir  could 
be  placed  at  a  high  elevation ;  in  fact,  requires  to  be  thus  placed 
to  be  above  the  highest  point  of  travel  of  the  elevator  piston  or 
plunger.  No  loss  of  power  was  entailed  by  this  position  of  the 
reservoir,  as  the  pressure  due  to  its  head  was  applied  to  the  suction 
of  the  pump. 
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Mr.  Witte  also  hit  upon  the  expedient  of  using  the  pressure 
from  this  discharge  reservoir  for  the  operation  of  the  pilot-valve 
device.  Thus  the  system  required  a  separate  system  only  in  part, 
i.  e.,  a  line  of  pipe  to  carry  the  discharge  from  the  pilot  cylinders 
back  to  the  engine-room.  A  special  small  pump  was  placed  in  the 
engine-room  to  return  the  water  discharged  by  the  pilot  valves  to 
the  main  discharge  system. 

High-pressure  elevators  at  once  came  into  use  again.  Several 
were  installed  in  1898  in  the  Montgomery  Ward  Building,  in  Chi- 
cago, and,  a  year  later,  a  plant  of  eight  such  elevators  was  installed 
in  the  Schlessinger  and  Meyer  Building,  in  Chicago.  The  latter 
are  operated  by  electrically-driven  pumps,  delivering  into  weighted 
accumulators,  the  pump  motors  taking  current  from  the  street 
mains. 

In  1902  a  plant  of  43  high-pressure  elevators  was  installed  in  the 
buildings  of  the  Prudential  Insurance  Company,  Newark,  N.  J., 
the  elevators  in  the  five  buildings  being  operated  from  a  central 
pumping  plant  of  three  Laidlaw-Dunn-Gordon,  compound,  fly-wheel, 
pumping  engines  and  weighted  accumulators. 

A  plant  of  nine  high-pressure  elevators  is  in  operation  in  the 
Land  Title  Building,  Broad  Street,  Philadelphia,  Pa.,  also  operated 
by  compound,  fly-wheel,  pumping  engines  and  weighted  accumu- 
lators. A  plant  similar  to  those  described  has  just  been  installed 
in  the  Bessemer  Building,  at  Pittsburg,  Pa.,  operated  by  power 
developed  at  the  Henry  Phipps  Power-House,  the  intention  being  to 
operate  similar  plants  in  other  buildings  to  be  erected  hereafter 
from  the  same  power-house. 

A  plant  of  42  high-pressure  elevators  has  been  completed  lately 
in  the  buildings  of  the  Metropolitan  Life  Insurance  Company, 
Twenty-third  Street,  New  York  City.  These,  also,  are  operated  by 
compound,  fly-wheel,  pumping  engines  and  weighted  accumulators 

All  these  plants  (with  the  exception  of  those  of  the  Metropolitan 
Life  Insurance  Company)  are  of  the  vertical-cylinder,  inverted- 
plunger  type,  as  shown  on  Plate  XV. 

In  the  plant  at  the  Metropolitan  Life,  some  engines  are  of  the 
vertical  type,  and  others  of  the  horizontal  type,  as  shown  on 
Plate  XVI. 

With  the  later  high-pressure  plants,  the  double  power  arrange- 
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ment  of  the  earlier  high-pressure  plants,  or  the  double-pressure 
system  used  with  some  of  the  low-pressure  plants  heretofore  men- 
tioned, has  not  been  used,  as  the  high  mechanical  efficiency  of  the 
machines,  and  reduction  of  hydraulic  losses,  coupled  with  the  excel- 
lent results  attained  by  the  high-duty  pumping  engines,  has  reduced 
the  cost  of  operation  to  so  low  a  point  that  the  additional  cost  of 
these  systems  does  not  seem  warranted.  Should  occasion  arise  in 
the  future  for  still  greater  economy,  it  can  be  attained  by  the 
addition  of  these  devices. 

The  efficiency  of  hydraulic  elevators  depends,  not  only  on  their 
mechanical  efficiency,  but,  to  a  large  extent,  on  the  uncounterbalanced 
weight  of  the  car  necessary  to  overcome  the  momentum  of  the 
moving  masses  and  bring  the  car  to  rest.  In  stopping,  no  aid  can 
be  obtained  by  retarding  the  motion  of  the  piston,  as  this  would 
slacken  the  cables  and  produce  a  dangerous  jumping  motion,  tending 
to  throw  the  cables  from  the  sheaves.  Hence  the  minimum  space 
in  which  a  stop  can  be  made,  with  an  empty  car  running  at  full 
speed,  is  that  due  to  the  unbalanced  weight  of  the  car.  This 
unbalanced  weight,  in  addition  to  the  live  load  in  the  car,  must  be 
lifted  by  the  effort  of  the  machine. 

The  importance  of  this  is  very  great  with  high  speed  and  heavy 
moving  parts. 

The  unbalanced  weight  is  expressed  by  the  following  formulas, 
in  which  the  notation  is: 

W=  weight  of  car; 

Q  •=  gear  =  ratio  of  car  to  piston  movement; 

s    —  space  in  which  a  stop  is  made; 

v    =  velocity  of  car,  in  feet  per  second ; 

w   =  weight  of  cables  per  linear  foot; 

77  =  unbalanced  weight; 

P  =:  weight  of  plunger; 

fj    =  gravity  =  32.2; 

K  =  weight  of  cables  and  other  parts,  other  than  car,  moving  at  or 
reduced  to  velocity,  v ; 

L   =  live  load ; 

It  =  rise  of  the  elevator  car. 

The  Vertical  Hydraulic  Elevator. — In  this  elevator,  balanced  on 
piston  and  traveling  sheaves,  the  counterbalance  travels  at  a  velocity, 

-Jl,  and  its  weight,  therefore,  is  (W —  U)  G. 
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The  energy  stored  in  the  moving  parts  is: 


"-'•• 

For  a  machine  of  standard  design, 

K  =  100  +  60  G  +  3  ic  jR  (approximately). 

The  Horizontal  Hydraulic  Elevator.  —  In  this  elevator,  the  moving 
parts  of  the  engine  cannot  aid  in  balancing  the  car;  hence  an 
independent  weight,  traveling  at  the  velocity  of  the  car,  must  be 
used,  and  its  weight  is  =W  —  U. 

Letting  5  =  the  weight  of  the  moving  parts  of  the  engine,  we 
have,  for  the  stored  energy: 


- 

Whence  '     U=v*  -  ==  -  ,     ,        ......................  (2) 

•2  g  s  +  v2 

B  =  4000  Ib.  (approximately). 

The  Plunger  Elevator.  —  In  this  elevator,  all  parts  move  at  the 
velocity  of  the  car;  hence  we  have  the  simple  "Atwood  Machine" 
of  the  physical  laboratory.  The  weight  of  the  counterbalance  is 
(W-f  P)  —  K—TJ,  and  the  stored  energy  (neglecting  the  weight 
of  the  sheave)  is: 


[( 


(W  +  P)  —  K  —  U) 

'                                          -*  *  y 
2  (W  4-  P^ 
Whence  U  =  r 2    o    "  T  ^    (3) 

The  usual  diameter  of  plunger  is  6£  in.  and  its  weight  is  P  =  18.9 
R  for  light  pipe  and  P  =  28.8  R  for  extra  heavy  pipe. 

Representing  the  mechanical  efficiency  of  the  machine  by  M.  Ef., 
and  calling  the  ratio  of  actual  live  load  lifted  to  the  power  expended, 
the  load  efficiency  =  Ld.  Ef.,  we  have: 

Ld.  Ef.  =    (y-^J)M.  Ef (4) 


The  mechanical  efficiencies  can  be  expressed  by  the  following 
formulas : 

Ve rtical  Cylinder : 
M.  Ef.  =  (0.95  —  0.015  G)  X  (  1  —  jL) (5) 


156  PASSENGER   ELEVATORS. 

Horizontal  Cylinder: 
M.  Ef.  =  (0.95  —  0.011  G)  X   (  1  —  ^)   ...................  (6) 

Plunger: 


1.07  +  0.02  L. 
When  D  is  unknown,  we  may  substitute  its  approximate  valu 


)  G 

~>J   0.7854  p 
in  which 

p  =  Water  pressure,  in  pounds  per  square  inch; 

D  =  Diameter  of  piston,  in  inches. 

By  inspection  of  Formula  3,  it  will  be  seen  that  the  weight  of 
the  plunger,  P,  has  an  important  effect  on  the  value  of  V ' ,  and  as  P 
is  a  function  of  the  rise,  the  mechanical  efficiency  and  load  efficiency 
decrease  as  the  rise  of  the  car  increases.  Also,  Formulas  1,  2  and  3 
show  that  the  economy  of  operation  of  elevators  increases  as  the 
maximum  speed  provided  for  is  decreased.  Hence,  the  most  eco- 
nomical operating  conditions  in  any  building  are  obtained  by 
installing  as  large  a  number  of  elevators  as  space  can  be  allowed 
for  and  operating  them  at  as  low  a  speed  as  will  accommodate  the 
traffic. 

The  efficiencies  are  reduced  still  further  by  the  hydraulic  losses 
in  the  valves  and  pipes.  These,  however,  are  entirely  independent 
of  the  type  of  machine,  and  are  simply  a  matter  of  sizes  of  pipes  and 
valves  used,  and  therefore  under  the  control  of  the  designer. 
Hence,  the  case  is  quite  analogous  to  electric  transmission,  pressure 
corresponding  to  electro-motive  force  and  cost  of  pipes  and  valves 
to  cost  of  copper. 

The  hydraulic  efficiency,  Hy.  Ef.,  being  determined  by  the 
designer,  we  have,  for  the  final  efficiency,  at  the  delivery  of  the 
pumping  engine: 

E  =  (Hy.  Ef.)  X  (Lcl.  Ef.)  =  (Hy.  Ef .)  X  [(M.  Ef .)  (£  f  r)  ]  •  •  (8) 

The  advantage  of  high-pressure  elevators  is  in  the  hydraulic 
efficiency.  Thus,  the  hydraulic  loss  in  a  low-pressure  plant  when 
lifting  full  load  at,  say,  250  ft.  per  min.  would  be,  with  usual  pipe 
sizes,  about  15  Ib.  per  sq.  in. ;  and  if  the  working  pressure  were  150 
Ib.  =  10%  of  the  total  pressure.  With  a  high-pressure  system  of 
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750  lb.  pressure,  to  obtain  the  same  frictional  loss,  the  area  of  the 
pipes  would  be  approximately  one-fifth;  but  the  loss  would  only  be 
2%  of  the  total  pressure.  When  the  elevator  car  moves  at  600  ft. 
per  min.,  the  losses  would  be  about  86  lb.,  or  57%,  and  11J%, 
respectively,  for  the  low  and  high  pressures.  Hence,  a  high-pressure 
elevator  can  maintain  full  speed  up  to  nearly  90%  of  full  load, 
while  a  low-pressure  elevator  will  slow  down  with  less  than  60% 
of  full  load,  if  the  same  ratio  of  pipe  sizes  is  maintained. 

When  Frank  J.  Sprague,  M.  Am.  Soc.  C.  E.,  became  interested  in 
electric  elevators  he  introduced  the  system  of  "car-mile"  comparison, 
borrowed  from  electric  railway  practice,  and  it  has  become  customary 
to  compare  elevator  systems  by  the  horse-power-hours,  kilowatt-hours, 
or  pounds  of  steam  consumed  per  mile  run  by  the  elevators.  Such 
a  comparison,  made  without  reference  to  the  lifting  capacity,  speed, 
or  load  carried,  is  as  valuable  as  a  comparison  of  two  engines  by 
the  pounds  of  steam  consumed  per  revolution,  or  of  two  motors  by 
the  current  consumed,  without  reference  to  their  power  or  the 
effective  work  done  by  each.  Nevertheless,  it  is  a  convenient  com- 
parison of  plants  designed  for  similar  duties  in  buildings  of  similar 
character  of  service;  and  it  is  useful  in  estimating  fuel  consumption 
for  any  given  plant  when  the  car-mileage  is  known  or  can  be 
assumed.  A  good  average  for  general  office  service  is  15  car-miles 
per  day  per  elevator,  though  in  some  buildings  not  more  than  12, 
and  in  others  as  many  as  20  car-miles  are  made. 

In  estimating  car-mile  rates  for  hydraulic  elevators  it  must  be 
remembered  that  power  is  used  in  one  direction  only;   hence  the 
power  used  per  car-mile  is  represented  by  the  piston  displacement 
corresponding  to   a  half-mile  run   of   the   car.     Hence   the   water 
horse-power-hours  consumed  per  car-mile  are: 
/     26401,     \   _._ 
1  33  000  X  60/ 

When  the  diameter  of  the  piston  or  plunger,  D,  and  the  water 
pressure,  p,  are  known,  the  estimate  of  the  car-mile  rate  is  very 
exact,  as  the  hydraulic  cylinder  is  an  accurate  meter,  and  the  follow- 
ing formulas  are  convenient,  especially  for  use  with  the  slide-rule: 

~    —   -  =  United  States  gallons  per  car-mile. 
—     '_.  — —  =  Water  horse-power-hours  per  car-mile. 
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These  water  horse-power-hours  represent  the  net  work  to  be  per- 
formed upon  the  water  by  the  pumping  engines,  and  the  economy 
with  which  this  work  is  done  is  dependent  entirely  upon  the  class  of 
pumping  engine  used. 

By  reference  to  Formulas  1,  2  and  3  it  will  be  seen  that  the 
factor,  s  (space  in  which  a  stop  is  made),  is  of  prime  importance 
in  determining  the  unbalanced  weight  and  the  efficiency  of  the 
machine. 

In  order  to  obtain  good  elevator  service,  the  acceleration  must 
be  rapid,  and  the  stop  made  in  a  minimum  space,  in  order  that  a 
reasonable  average  speed  between  floors  may  be  maintained.  Also, 
the  operator,  when  stopping,  must  bring  his  car  to  rest  at  the  floor 
level  without  premature  slowing  up,  and  especially  without  over- 
running and  loss  of  time  and  power  by  returns. 

In  order  to  accomplish  this,  the  stop  must  be  made  within  the 
distance  in  which  the  operator  can  see  the  landing  at  which  he  aims. 
This  is  about  3  ft.  above  the  level  of  his  eyes,  whence  the  maximum 
distance  which  can  be  allowed  for  the  stop,  in  order  to  obtain  good 
service,  is  about  8  ft.  Hence,  rapid  and  positive  elevator  service 
demands  provision  for  a  net  gravity  stop  not  exceeding  8  ft.  Even 
when  this  gravity  stop  is  provided  for,  only  a  skilled  operator  will 
accomplish  it,  and  an  ordinary  operator  may  require  a  considerably 
longer  distance.  Hence,  in  good  practice,  the  space,  s,  in  the  for- 
mulas, should  not  exceed  8  ft. 

Three  types  of  pumping  engines  have  become  standard  for  ele- 
vator service,  namely,  the  direct-acting,  compound,  duplex  engine, 
the  direct-acting,  triple-expansion,  duplex  engine,  and  the  compound, 
fly-wheel  engine. 

Worthington,  high-duty,  pumping  engines,  such  as  have  been 
used  extensively  for  water-works  service,  have  been  used  occasionally 
for  elevator  service.  Such  engines,  where  they  can  be  kept  running 
steadily,  have  shown  great  economy,  but,  in  general,  elevator  service 
is  not  uniform  enough  to  warrant  their  use,  and  the  saving  of  fuel 
hardly  compensates  for  the  first  cost  of  installation. 

Makers  of  pumping  engines  guarantee,  with  proper  conditions 
of  steam  pressure,  the  production  of  an  hourly  water  horse-power, 
with  a  consumption  of  70  Ib.  of  steam  for  the  compound  and  40  lb. 
for  the  triple-expansion.  They  guarantee  25  lb.  of  steam  per  indi- 
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cated  hourly  horse-power  for  the  compound,  fly-wheel  engine.  Tests 
of  these  engines  show  that,  at  this  rate  per  indicated  horse-power, 
the  consumption  of  steam  per  hourly  water  horse-power  is  about 
30  Ib. 

The  ordinary  specification  for  an  office-building  elevator  plant 
calls  for  a  maximum  load  of  2  500  Ib.  to  be  lifted  at  a  speed  of 
250  ft.  per  min.,  and  a  load  of  about  1  500  Ib.  to  be  lifted  at  600  ft. 
per  min.  Such  a  building,  18  stories  high,  would  require  an  elevator 
travel  of  about  200  ft. 

Table  1,  prepared  from  the  forrmilas,  gives  the  comparative 
efficiencies  of  each  hydraulic  type,  and  the  steam  rate  per  car-mile 
with  the  three  different  types  of  pumping  engines. 


TABLE  1. — COMPARATIVE  VALUK  OF  HYDRAULIC  ELEVATORS  FOR  A 
STANDARD  18-STORY  OFFICE  BUILDING,  UNDER  THE  USUAL  SPECI- 
FICATIONS. 

FROM  FORMULAS  1  to  9. 


Vertical, 
high- 
pressure. 

Vertical, 
low- 
pressure. 

Horizontal, 
low- 
pressure. 

Plunger, 
low- 
pressure. 

2  SCO  Ib.            2  500  Ib. 
250  ft.      ;          250  ft. 
600  ft.      .         6CO  ft 

10  ft.                 10  ft. 
200  ft.                200  ft. 
8  ft.                   8  ft. 

34001b.            34001b. 
tt                        6 
K  =  2  140        K  =  2  140 
1  148  Ib.            1  148  Ib. 
0.685                 0.685 

0.832                  0.846 
0.570                 0.580 

0.96                   0.90 
0  547                  0.522 
7J  in.                  16  in. 
580  Ib.                145  Ib. 

6.10                   6.39 
F  STEAM  USED  PER  CAR-M 

427  Ib.              447  Ib. 
244  Ib.               256  Ib. 

183  Ib.                192  Ib. 
153  Ib.               160  Ib. 

2  500  Ib. 
250ft. 
600ft. 

10ft. 

200ft. 
8ft. 

8  400  Ib. 
12 
j  B  =  4  000  1 
1  K  =  3  096  f 
1  613  Ib. 
0.608 

0.809 
0.492 

0.90 
0.443 
24  in. 
150  Ib. 

7.52 

[LE. 

526  Ib. 
301  Ib. 

226  Ib. 
188  Ib. 

2  500  Ib. 
250  ft. 
600ft. 

10ft. 

200ft. 
8ft. 

3  000  Ib. 
1 

P  =  5  760 
2  848  Ib. 
0.427 

0.866 
0.370 

0.90 
0.333 
6iin. 
226  Ib. 

10.00 

700  Ib. 
400  Ib. 

800  Ib. 
250  Ib. 

Speed,  in  feet,  per  minute,  with 
maximum  load..                .  .. 

Speed,  in  feet,  per  minute,  with 
1500-lb.  load  
V  =  speed,  in  feet,  per  second, 
with  1  500-lb  load 

Rise  of  car  =  R  
Length  of  gravity  stop  =  s  
Weight  of  car  (approximately) 

Gear  =  G  
Values  of  K,  P  and  B 

Unbalanced  weight  =  U  
L 

L  -\-  V 
Mechanical  efficiency  

Load  efficiency  
Hydraulic   efficiency    (with    full 
load)  

Final  net  efficiency  
Diameter  of  plunger  or  piston.  .  . 

Water,    horse-power-hours     per 
car-mile  ,  

POUNDS  c 

Compound,  duplex  pumping  en- 
gine   
Triple-expansion,  duplex    pump- 

Compound,    fly-wheel,    pumping 
engine  

Double  pressure  (Ratio  1:8)  
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? 


Slrift 


MI  fin 

52        !3    E?    5?    02          !3  ^02 

-;cce  S  oa  5£  £fe  >o  c  fe  <*-*     oa        o     ac     o     5  o  Sfe    I    Number  of  etevators. 

«  £  8  cs  s- ^  c -.a  o  M  ci  cs  c§  5  £§tc*ctc~»o-ito-»oo:£  3  S  Average  rise  of  elevators, 

figggl          I^isi  iij  !  infeet' 

^~«S--sS-SS-     S        S     S    o     S2SS    !    Maximum  load,  in 

isS_l  §_g  S3  1 :8  1_§8    S       S    8    §    f'ijl    i  pounds. 

tccox  o  a  a  055   2  2   SC  82     2         ec     cc     -j     ce   e   *.             Maximum  speed,  in 
ggggggggggggg        888808 feet  per  mmute. 

joc^ocotou'tp^tocC'toos'     v»         o     oc     o;     oaco»         i     opeed.        l<>a<l.      in 

|    •"*  •ora&'i:  *    ?        ?     '  ^ 

~  a     S 

•S  I   '  "     3    I 

Diameter  of  cylinder  or 

-*«os»»o>-iec-».-jeoe».-j....w^ie<3>eo  j6.,»  o    ^o    CT  ^  jo^  ram,  in  inches. 

Gear. 
Effective  water  pressure, 

g  i  |?5  g  §  I  II  g|      |    I  il  §iggg  ^pounds  per  square 

ce*o  -a  o  x  -i  =5  =s  =>  -^  cno«  *.-»      p»     o>  ceoi  -j*.3-.CT-»        Water  horse- power-hours, 

2     ^S10  Per  car-mile. 

OOO  O  O  H  OO  O  C  O  BO         H     O     M         HO  O  OO 

III  ll|  II 1 1 1  |l|l»  I  If  1*1-  !•  •§!•          v 

IfHIIIflffWjIffFiiflfr        •{ 

J.:  ?  !    I.      Jf  S.  |  ||    • 

g  §  •   g    I    Steam  used  per  I.  H.  P., 
:      -^,       :  in  pounds. 


g  §  g§  2  g 


§ 


fe    8  : 


Steam    used   per    water 
horse-power,  in  pounds. 


SsS  S  S  n  Si  s  i  8  .1  1     3 


,  IP. 


]    Steam  used  per  car-mile, 
in  pounds. 
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It  will  be  noticed  that  the  difference  between  the  high-pressure 
and  low-pressure  machines  is  not  very  marked  with  the  short  pipe 
connections  assumed  in  the  table,  where  the  influence  of  hydraulic 
losses  is  not  great.  This  difference  would  be  more  marked  in  the 
case  of  long  distribution  from  a  central  pumping  plant,  say  through 
several  hundred  feet  of  pipe. 

The  steam  rate  of  the  double-power  system  is  dependent  entirely 
upon  the  nature  of  the  service,  i.  e.,  the  proportion  of  heavy  to  light 
loads,  and,  therefore,  lies  somewhere  between  the  rate  for  all  full 
loads  and  the  rate  for  all  light  loads.  Tests  at  the  Bowling  Green 
Building  showed  that  26%  of  the  water  used  was  at  high  pressure 
and  74%  was  at  low  pressure. 

Tests  at  the  Standard  Oil  Building  showed  a  consumption  of 
128  Ib.  of  steam  per  car-mile,  but  the  service  at  the  time  was  light, 
using  mainly  the  lower  of  the  two  pressures. 

In  a  number  of  cases,  hydraulic  elevator  plants  are  operated  by 
electrically-driven  pumps.  These  are  usually  of  the  Quimby  screw 
type,  or  the  three-throw  plunger  type.  With  the  former,  the  motors 
are  direct-connected;  with  the  latter  the  motors  are  usually  con- 
nected by  belts.  Tests,  made  by  the  writer,  of  Quimby  pumps 
installed  for  temporary  service  at  the  Prudential  Buildings,  Newark,. 
N.  J.,  and  operating  with  500  volts  against  a  water  pressure  of  105 
Ib.,  showed  an  efficiency  from  wire  to  water  of  63  per  cent.  It  is 
stated  that  the  three-throw  belted  pumps  at  the  Schlessinger  and 
Meyer  Building,  in  Chicago,  operating  against  735  Ib.  pressure, 
showed  when  tested  an  efficiency  from  wire  to  water  of  about  82%, 
and  the  current  consumed  by  the  elevators  averaged  6.7  kw-hr. 
per  car-mile. 

The  usual  consumption  of  a  direct  electric  elevator  is  from 
3.5  to  4  kw-hr.  per  car-mile.  Hence,  in  general,  it  may  be  said 
that  an  hydraulic  elevator  plant,  driven  by  electric  pumping  engines, 
consumes  more  power  than  direct,  electrically-driven  elevators  of  the 
same  capacity. 

Centrifugal  pumps  driven  by  direct-connected  electric  motors 
have  been  used  in  a  few  instances.  Heretofore,  the  inefficiency  of 
such  pumps  has  precluded  their  use;  but,  with  the  improvements 
now  being  made,  it  is  probable  that  they  will  come  into  extensive 
use  in  the  future,  as  efficiencies  of  more  than  70%  have  already  been 
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attained,  and  there  seems  to  be  no  reason  why  such  pumps  cannot 
be  made  to  give  still  better  results. 

It  has  already  been  proposed  to  use  centrifugal  pumps  direct- 
connected  to  steam  turbines  for  elevator  service,  and  there  is  no 
doubt  that  this  form  of  pumping  apparatus  will  come  into  use  for 
such  service  in  the  near  future. 

ELECTRIC  ELEVATORS. 

The  first  direct-connected  electric  elevator  actually  installed  and 
used  in  a  building  was  the  one  before  mentioned,  designed  by  Mr. 
William  Baxter,  Jr.,  and  erected  in  a  building  in  Baltimore  in  1887. 

The  machine  consisted  of  a  drum  revolved  by  a  worm  gear,  and 
similar  in  its  mechanical  features  to  the  later  types.  The  motor 
was  series-wound,  and  was  operated  by  a  10-ampere  constant  current 
from  a  "Brush"  arc-light  machine.  A  centrifugal  governor  was 
used  to  control  the  speed;  and,  when  lowering  a  heavy  load,  the 
governor  reversed  the  field  current,  the  motor  becoming  a  generator 
and  acting  as  a  brake.  The  motor  was  controlled  by  switches  on 
the  landing  doors,  and  the  elevator  was  stopped  and  started  by 
opening  and  closing  the  doors.  A  switch  in  the  car  was  used  only 
at  the  top  and  bottom  of  the  run  to  reverse  the  direction  of  the 
movement.  With  this  system  of  operation,  the  speed  was  neces- 
sarily slow. 

The  next  installation  was  that  of  the  two  elevators  at  the  corner 
of  Thirty-third  Street  and  Fifth  Avenue,  New  York  City,  designed 
by  Mr.  N.  P.  Otis,  assisted  by  Mr.  K.  C.  Smith,  with  motors  and 
electrical  devices  designed  by  Mr.  Rudolph  Eickemeyer.  The  motors 
were  of  the  now  well-known  Eickemeyer  type. 

In  these  machines  the  motor  was  connected  directly  to  a  worm 
shaft,  and  they  differed  from  the  modern  drum  elevator  only  in 
minor  details  and  the  electrical  control. 

The  motor  was  compound-wound,  with  a  fixed  shunt  field.  A 
starting  resistance  in  the  armature  circuit  was  controlled  by  a  series 
solenoid,  which  only  allowed  the  resistance  to  be  varied  inversely 
as  the  starting  current  taken.  The  series  field  was  used  in  starting, 
and  was  cut  out  as  soon  as  the  full  speed  was  attained,  when  the 
motor  operated  on  the  shunt  winding  at  a  single  fixed  speed.  A 
brush  was  moved  over  the  resistance  contacts  by  means  of  a  weight, 
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which  was  counteracted  by  the  main  current  passing  through  the 
solenoid  coils.  The  controlling  switches  were  moved  by  a  hand- 
rope  passing  through  the  car,  which,  when  centered,  moved  the 
resistance  brush  and  weight  mechanically  to  the  upper  position, 
putting  in  all  the  resistance,  and  holding  it  in  until  the  motor 
was  fairly  started.  The  brake  was  operated  mechanically  by  the 
hand-rope. 

All  electric  elevators  were  of  the  drum  type  until  1894,  when 
Frank  J.  Sprague,  M.  Am.  Soc.  C.  E.,  brought  out  the  long-screw, 
electric  elevator,  with  his  well-known  pilot-motor  control.  The 
electric  parts  of  the  machine  were  designed  by  Mr.  Sprague,  and  the 
mechanical  details  by  Mr.  C.  F.  Pratt. 

The  machine  was  very  popular  for  a  time,  but  proved  structurally 
weak  and  expensive  in  maintenance.  The  balls  of  the  ball  nut 
wore  rapidly  and  cut  the  screws,  and  the  machine  required  excessive 
lubrication.  The  design  was  such  that  the  frame  was  weak  when 
the  strain  of  the  cables  was  distributed  unequally,  and  it  did  not 
prove  as  economical  in  current  consumption  as  the  drum  type  of 
elevator.  Its  manufacture  has  been  abandoned.  This  machine  ia 
shown  on  Plate  XVII. 

The  failure  of  these  machines  has  been  ascribed  by  their  designer, 
Mr.  Pratt,  to  screws  of  too  small  diameter,  and  the  original  screws 
in  some  existing  plants  have  been  replaced  by  screws  of  larger 
diameter,  and,  thus  far,  have  shown  excellent  results. 

In  1899  the  Sprague  Elevator  Company  installed  what  was  then 
the  largest  electric  elevator  plant  yet  attempted,  in  the  shafts  of  the 
London  Central  Railway.  These  elevators  were  very  large,  carrying 
loads  of  about  14  000  lb.,  equivalent  to  ninety  people. 

The  machines  were  of  the  drum  type,  but  duplex,  i.  e.,  each  drum 
was  driven  by  two  motors  and  two  sets  of  double  worm  gearing. 
The  worms  were  of  the  Hindley  type,  and  each  pair  of  worm  gears 
was  balanced  by  meshing  spur  gearing,  keyed  to  the  worm  shafts. 
The  vibrating  sheaves  leading  the  cables  to  the  drum  were  posi- 
tively traversed  by  being  geared  to  the  drum  shafts  by  special 
gearing  operating  traversing  screws,  upon  which  the  bushings  of 
the  vibrating  sheaves  were  supported.  A  sectional  view  of  this 
machine  is  shown  on  Plate  XVIII. 

The  motors  were  of  the  railroad  type,  shunt-wound,  with  four 
poles. 
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The  control  was  of  the  pilot-motor  type,  substantially  as  used 
with  the  long-screw  machine. 

A  photograph  of  the  controller  is  shown  on  Plate  XIX,  and  a 
wiring  diagram  in  Fig.  6. 

These  machines  were  very  successful,  and  were  a  credit  to  their 
designers. 

The  drum  electric  elevator  of  1893  was  a  one-speed  machine. 
Efforts  to  accomplish  variable  speed  resulted  in  the  application  of 
the  Ward  Leonard  system  of  control,  consisting  essentially  in  main- 
taining a  constant  shunt-field  at  the  elevator  motor,  and  controlling 
the  motor  by  varying  the  armature  current.  To  effect  this,  the 
armature  current  is  supplied  from  an  independent  generator,  the 
shunt-field  of  which,  as  well  as  that  of  the  motor,  being  supplied 
from  another  source.  The  current  delivered  by  the  independent 
generator  is  controlled  by  a  field  rheostat  in  the  elevator  car.  Thus 
the  operator  in  the  car  does  not  control  the  elevator  motor  directly, 
but  controls  the  motor  armature  current  by  varying  the  resistance 
in  the  generator  field.  This  type  of  elevator  is  capable  of  a  con- 
siderable range  of  speeds,  and  handles  well,  accelerating  and  slow- 
ing down  gradually  when  leaving  or  approaching  a  landing. 

Drum  elevators  with  this  control  were  installed  in  the  Fahys, 
Sampson  and  Singer  Buildings,  New  York  City,  and  are  very  suc- 
cessful in  operation.  The  armature  current  for  each  elevator  is 
supplied  by  an  independent  engine  and  dynamo. 

At  the  Gillender  Building,  New  York  City,  a  similar  plant  is  in 
use,  but,  instead  of  the  separate  engine  and  dynamo,  a  motor 
generator  supplies  the  armature  current  for  the  elevator  motor. 
The  current  for  the  operation  of  the  motor  of  the  motor  generator, 
as  well  as  for  the  field  currents,  is  taken  from  the  street  mains. 

A  similar  plant  at  the  building  of  the  New  York  Athletic  Club 
differs  from  those  described  only  in  that  all  the  generators  supplying 
armature  current  to  the  various  elevators  are  set  upon  one  shaft 
with  friction  clutches,  and  thus  all  can  be  operated  by  a  single  steam 
engine. 

These  elevators  are  expensive  in  installation,  on  account  of 
the  number  of  separate  engines  or  generators  required,  and  hence 
have  only  been  used  in  a  few  cases,  where  good  service,  rather  than 
first  cost,  was  the  important  consideration. 

Fig.  7  shows  a  typical  wiring  diagram. 
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In  1897  John  D.  Ihlder  designed  what  is  known  as  the  "Magnet 
Control  System,"  the  essential  principle  of  which  is  causing  the 
increase  of  counter-electromotive  force,  as  the  armature  acquires 
speed,  to  cut  out  gradually  the  resistance  and  finally  the  series  field 
by  a  series  of  magnets. 

In  a  similar  manner,  retarding  magnets  are  used  for  slowing 
down,  so  that  the  brake  need  not  be  used  until  the  apparatus  has 
come  nearly  or  quite  to  a  stop.  The  brake  is  held  off  by  a  magnet 
operated  by  the  line  current. 

This  form  of  control  is  now  used,  not  only  for  passenger  elevators, 
but  also  for  very  powerful  furnace  and  mine  hoists  and  inclined 
railways  up  to  300  h-p. 

Variable  speeds  are  obtained  by  the  introduction  of  extra  field 
coils,  which  increase  the  field  magnetization  and  produce  slower 
speeds.  In  stopping,  the  extra  fields  are  energized,  thus  slowing 
down,  and  the  armature  circuited  through  these  fields,  producing 
a  powerful  yet  gentle  brake  action,  and  bringing  the  apparatus  to 
rest;  current  is  then  cut  off  the  magnet  brake,  preventing  further 
motion. 

Alternating  current,  single-,  two-  or  three-  phase,  is  often  used 
to  operate  elevators  of  the  lighter  powers.  The  switches  are  usually 
controlled  by  mechanical  connections  from  the  car,  but  when  con- 
trolled electrically,  rectified  current  is  used  to  operate  the  control 
and  brake  magnets.  The  rectified  current  is  produced  either  by 
aluminum  cells  or  by  a  small  motor  generator.  In  starting,  the 
current  may  be  admitted  in  steps  by  resistance  in  the  main  line, 
and  two  speeds  may  be  used  by  changing  the  field  winding  connec- 
tions so  as  to  create  double  the  number  of  poles. 

Single-phase  motors  are  restricted  to  single  speed  and  very  light 
duties. 

For  heavy  elevator  work,  with  alternating  current,  motor  genera- 
tors or  rotary  converters  and  elevator  motors  of  the  direct-current 
type  are  generally  used. 

The  drum-type  elevator  engine  is  shown  on  Plate  XX;  the  con- 
troller is  shown  on  Plate  XXI,  and  the  wiring  diagram  for  a  double 
motor  machine  on  Fig.  8. 

The  larger  sizes  of  this  machine  have  tandem,  interlocking,  worm 
gears,  and  the  power  is  limited  by  the  pressures  to  which  such  gears 
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can  be  subjected.  Where  greater  duties  are  required,  than  can  be 
performed  with  a  single  pair  of  worm  gears,  the  machines  are  built 
double;  that  is  to  say,  two  sets  of  double  worm  gears  are  used,  each 
worm  gear  being  operated  by  a  separate  motor,  as  was  done  with  the 
heavy  lifts  for  the  Central  London  Railway,  mentioned  previously. 

A  plant  of  170  elevators  is  now  being  built  by  the  Otis  Elevator 
Company  for  installation  in  extensions  of  the  London  Underground 
system,  differing  from  the  Central  London  plant  mainly  in  the  use 
of  compound-wound  motors  with  magnet  control  instead  of  plain- 
shunt  motors  and  pilot-motor  control. 

With  some  of  the  older  types  of  shunt-wound  motors  it  was  usual 
to  maintain  the  saturation  of  the  fields  by  allowing  the  shunt-field 
current  to  run  continuously.  This  was  necessary  in  order  to  obtain 
rapid  acceleration  and  quick  starting,  but  involved  a  continuous 
waste  of  current  when  the  elevator  car  was  not  in  motion. 

The  compound  winding  avoids  this,  the  series  field  giving  the 
starting  torque  necessary  for  rapid  acceleration,  thus  enabling  the 
shunt  field  to  be  cut  off  when  the  car  is  not  in  motion. 

It  is  customary  to  over-counterbalance  the  car  by  weights  sus- 
pended on  cables  attached  to  the  back  of  the  drum,  these  cables 
unwinding  as  the  car  cables  wind,  and  vice  versa.  By  adjusting 
the  excess  of  counterbalance  over  the  actual  car  weight  to  the 
average  load  carried  in  the  car,  great  economy  is  reached,  as,  when 
the  load  just  equals  the  excess  counterbalance,  the  power  required 
is  only  that  necessary  to  overcome  the  mechanical  friction,  which, 
under  these  conditions,  there  being  but  little  pressure  on  the  worms, 
is  a  minimum. 

Experience  shows  that  under  the  conditions  of  elevator  service 
the  allowable  pressure  at  the  pitch  line  of  a  worm  and  wheel  should 
not  exceed  2  500  Ib.  with  the  worm  running  in  oil.  It  is  true  that 
for  a  short  period  of  time  a  higher  pressure  may  be  used,  but,  in 
elevator  service,  any  great  excess  of  pressure  above  that  named 
results  in  undue  heating  and  wear,  and  the  likelihood  of  cutting  the 
worm  and  gears.  Hence,  the  load  which  can  be  lifted  by  a  single 
worm  wheel  is  limited  by  this  condition.  A  double  worm,  with 
right-  and  left-  hand  threads,  driving  two  interlocking  worm  wheels, 
thereby  balancing  the  pressure  on  each,  can  carry  double  the  load 
of  the  single  worm,  and  a  duplex  machine,  such  as  described,  as 
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used  at  the  stations  of  the  London  Underground  Railways,  having 
four  worms,  can  carry  four  times  the  load  of  the  single  gear. 

The  drum  machine  is  rarely  used  for  speeds  exceeding  350  ft.; 
and,  in  very  high  buildings,  has  the  disadvantage  of  requiring  large 
drums  in  order  to  wind  the  necessary  cable.  In  extremely  tall 
buildings,  the  width  of  the  drum  face  and  the  horizontal  travel  of 
the  rope  when  winding  may  be  too  great  for  the  space  obtainable 
in  the  elevator  shafts,  making  the  installation  difficult;  hence, 
efforts  have  been  made  to  devise  machines  free  from  drum  winding, 
and  therefore  not  limited  in  height  of  travel. 

The  first  practicable  arrangement  of  this  kind  was  the  double- 
motor,  continuous-running,  rope-drive  elevator  invented  by  Mr. 
E.  M.  Fraser,  and  installed  in  San  Francisco  about  five  years  ago. 
and  later  in  Chicago  and  Providence,  and  at  No.  .72  Broadway, 
New  York  City. 

This  machine  consists  of  two  motors,  superimposed,  each  carrying 
a  grooved  pulley  on  its  armature  shaft,  driving  a  set  of  endless 
cables. 

The  car  is  suspended  by  wire  cables  attached  to  a  weighted 
sliding  frame  carrying  a  sheave,  over  which  the  endless  driving 
cables  pass.  A  counterweight  is  suspended  by  wire  cables  to  a 
second  traveling  frame  similar  to  that  for  the  car,  over  the  sheave 
of  which  the  other  bight  of  the  endless  cables  passes.  In  a  modified 
form,  both  bights  of  the  endless  cables  run  on  sheaves  in  the  same 
frame,  tension  on  the  endless  cables  being  maintained  by  a  tension 
sheave  and  weight. 

It  will  be  evident  by  an  inspection  of  the  diagram,  Fig.  9,  that 
if  both  motors  are  moving  at  the  same  speed,  and  in  opposite  direc- 
tions, the  driving  cables  will  run  without  moving  the  car  or  counter- 
balance; thus  when  both  motors  are  moving  at  the  same  speed,  the 
car  and  the  counterweights  stand  still.  In  order  to  overcome  any 
very  slight  variation  of  the  speed  of  the  motors,  tending  to  cause 
the  car  to  crawl,  a  magnet  brake  is  applied  to  the  overhead  sheave. 
If  one  motor  is  slowed  down,  and  the  other  motor  speeded  up,  the 
driving  rope  will  run  faster  over  the  pulley  of  the  fast  motor  and 
more  slowly  over  the  pulley  of  the  slow  motor,  and  the  difference 
is  made  up  by  motion  of  the  sliding  frames,  which  in  turn  impart 
their  motion  to  the  car  and  counterweight.  The  speed  of  the  car, 
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therefore,  will  be  half  the  difference  of  the  circumferential  speeds 
of  the  driving  pulleys. 

The  motors  run  normally  at  400  rev.,  and  can  be  speeded  and 
slowed  down  to  520  and  280  rev.,  respectively,  thus  giving  a  range 
of  speed  of  the  car  from  zero  to  600  ft.  per  min.,  with  driving  pulleys 
19  in.  in  diameter. 

The  motors  are  shunt-wound,  and  are  controlled  by  varying  the 
shunt  fields.  The  operator  governs  the  speed  by  moving  a  rheostat 
in  the  car,  which  reduces  the  resistance  in  the  field  of  one  motor 
and  increases  it  in  the  field  of  the  other.  Fig.  10  shows  the  wiring 
diagram. 

In  the  handling,  this  type  of  elevator  excels  any  other  yet  pro- 
duced. It  can  be  reversed  from  full  speed  in  one  direction  to  full 
speed  in  the  other,  retarding,  stopping  and  accelerating  in  the 
opposite  direction  without  shock  or  jar;  and  on  account  of  its  rapid 
acceleration  and  positive  stop,  can  maintain  a  very  high  average 
speed  between  landings. 

It  was  claimed  for  the  Fraser  type  of  elevator  that,  as  the  motors 
were  continuous-running,  a  great  saving  of  operating  current  would 
result,  as  a  large  proportion  of  the  current  consumed  by  the  drum 
machine  is  used  in  stopping  and  starting.  Tests  of  these  machines 
in  actual  operation  do  not  substantiate  these  claims,  as  the  actual 
current  consumption  is  greater  than  that  of  a  drum  machine  carry- 
ing the  same  load.  It  is  claimed,  however,  that  this  is  more  than 
compensated  for  by  the  superior  service.  On  account  of  the  small 
diameter  of  the  driving  sheaves,  ordinary  wire  cables  wear  rapidly 
and  compound  cables  are  used.  These  consist  of  a  steel-wire  core 
surrounded  by  manila  or  hemp,  thus  combining  tensile  strength 
with  flexibility. 

The  first  cost  of  the  Fraser  machine  is  high,  and  notwithstanding 
its  beauty  of  operation  and  other  advantages,  it  has  not  been  intro- 
duced extensively. 

In  the  endeavor  to  retain  the  advantages  of  the  rope  drive, 
mainly  the  direct  drive  from  the  motor  without  the  intervention 
of  gearing,  and  avoid  the  use  of  two  motors,  the  "Traction"  type  of 
elevator  was  evolved.  This  consists  of  a  slow-speed  motor  carrying 
a  driving  sheave  on  its  armature  shaft,  one  end  of  the  set  of  driving 
ropes  passing  around  a  sheave  in  a  traveling  frame,  its  end  being 
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made  fast.  This  traveling  sheave  frame  is  attached  to  the  car  by 
wire  cables.  In  a  similar  manner,  the  other  end  of  the  set  of  driving 
cables  is  connected  with  a  traveling  frame  supporting  a  counter- 
balance weight.  This  device  is  shown  in  Fig.  11. 

With  this  machine,  unlike  Eraser's,  the  motor  must  stop  and 
start  with  the  car,  and  the  car  and  counterweight  operate  at  half 
the  circumferential  speed  of  the  driving  pulley.  The  motor  is  con- 
trolled in  the  same  manner  as  an  ordinary  drum  machine. 

The  two  traveling  frames  can  be  combined  in  one,  and  a  tension 
weight  added,  as  is  sometimes  done  with  the  Fraser  machine;  also, 
a  number  of  combinations  of  driving  rope  and  traveling  frames 
may  be  used,  all  producing  the  same  effect. 

It  will  be  evident  that  while  the  diagram  shows  a  gear  of  $  :  1, 
the  driving  cables,  after  passing  over  the  sheaves  of  the  traveling 
frame,  can  be  passed  under  standing  sheaves,  and  have  their  ends 
fastened  to  the  traveling  frames  instead  of  to  a  fixed  point,  thus 
making  the  gear  J  :  1,  and  that  this  can  be  repeated,  and  any  desired 
ratio  of  car  travel  to  motor  speed  obtained. 

A  machine  of  this  type  has  been  in  operation  for  several  months 
in  the  German- American  Building,  New  York  City,  and  three  have 
been  installed  lately  in  the  Beaver  Building,  New  York  City. 

A  type  of  elevator  has  been  in  experimental  use  at  the  works  of 
the  Otis  Elevator  Company  for  some  months  past  which  is  expected 
to  be  used  generally  in  the  future  for  high  lifts  and  high  speeds. 
It  consists  of  a  cable  drive  in  its  simplest  form  with  driving  sheave 
directly-connected  to  the  armature  shaft  of  a  motor  of  very  slow 
speed,  all  gearing  being  dispensed  with.  The  cables  pass  under 
the  driving  sheave,  thence  over  an  idle  sheave,  and  again  under  the 
driving  sheave,  and  are  attached  at  one  end  to  the  car  and  at  the 
other  to  a  counterbalance  weight,  the  driving  arrangement  being 
similar  to  that  used  with  cable  railways.  The  two  half  wraps  on 
the  driving  sheave  give  all  the  adhesion  necessary  with  ordinary 
elevator  service.  This  can  be  increased  for  heavier  duties  by  increas- 
ing the  number  of  wraps  of  the  cables.  The  speed  of  the  car  is 
equal  to  the  circumferential  speed  of  the  driving  pulley.  The 
extreme  simplicity  of  this  elevator  renders  lengthy  description  un- 
necessary. A  diagram  is  shown  in  Fig.  12. 

All  types  of  electric  elevators,  if  of  high  rise,  require  compensa- 
tion for  cable  variation.  This  is  accomplished  in  the  same  manner 
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as  with  hydraulic  elevators,  by  attaching  chains  or  cables  to  the 
bottom  of  the  car  or  counterweight.  This  does  not  change  the 
total  amount  of  power  required  per  trip,  but  renders  the  power 
consumption  uniform  throughout  the  trip. 

The  mechanical  efficiency  of  electric  elevators  varies  with  the 
pitch  and  diameter  of  the  worm  or  screw  and  the  design  of  the 
mechanical  details. 

That  of  the  drum  type  with  worm  gear  ranges  from  60  to  72%, 
with  worm  pitches  varying  from  9  to  14  degrees. 

The  Sprague-Pratt  long-screw  type  with  ball  and  roller  bearings 
has  shown  mechanical  efficiencies  varying  from  62  to  80%,  but, 
requiring  an  unbalanced  car  weight  for  gravity  descent,  and,  being 
wasteful  of  starting  current,  falls  behind  the  drum  machine  in 
average  current  consumption. 

The  current  consumption  varies  considerably  in  different  build- 
ings with  elevators  of  the  same  type,  and  depends  upon  the  careful 
adjustment  of  the  counterweight  to  the  average  load  carried,  and 
greatly  upon  the  number  of  stops  made;  thus  the  elevators  in  the 
Marshall  Field  Building,  Chicago,  using  4.25  kw-hr.  per  car-mile 
with  infrequent  stops,  consumed  6.5  kw-hr.  when  required  to  stop 
at  every  floor.  Similarly,  at  the  Gillender  Building,  New  York 
City,  the  consumption  in  ordinary  service  was  4  kw-hr.  and  6  kw-hr. 
when  stopped  at  all  landings.  Table  'No.  3  gives  the  current  con- 
sumption in  various  buildings  in  regular  service  or  by  test. 

The  steam  consumed  per  car-mile  for  electric,  as  well  as  hydraulic, 
elevators  depends  upon  the  efficiency  of  the  engines  producing  the 
electric  or  hydraulic  power;  and  it  is  quite  difficult  to  make  a  com- 
parison between  the  two  powers,  as  no  tests  have  been  made  of 
equivalent  plants  under  equivalent  conditions;  but  it  can  be  stated 
safely  that  with  the  small  high-speed  engines  generally  used  and 
the  intermittent  nature  of  the  service,  without  storage  batteries, 
a  kilowatt-hour  cannot  be  produced  with  less  than  70  Ib.  of  steam; 
hence  an  average  electric  elevator  using  3.5  kw-hr.  would  consume 
at  least  245  Ib.  of  steam  per  car-mile. 

A  test  of  five  Sprague-Pratt  elevators  at  Lord's  Court,  New 
York  City,  made  by  Eeginald  Pelham  Bolton,  M.  Am.  Soc.  C.  E., 
showed  3.35  kw-hr.  per  car-mile  with  an  average  load  in  the  car  of 
only  two  persons,  and  a  steam  consumption  of  298  Ib.  per  car-mile, 
or  89  Ib.  of  steam  per  kilowatt-hour. 
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A  comparison  with  the  test  of  128  Ib.  per  car-mile  at  the  Standard 

011  Building  and  the  test  of  136  Ib.  per  car-mile  at  Ellicott  Square, 
leads  to  the  conclusion  that  the  electric  elevator  is  less  efficient 
than  the  hydraulic  elevator  with  a  high-class  pumping  engine. 

SAFETY. 

The  safety  of  passenger  elevators  is  of  the  highest  importance, 
and,  while  elevator  builders  have  given  great  attention  to  the 
improvement  of  the  efficiency  of  elevator  plants,  the  essential  ele- 
ment, safety,  has  not  been  lost  sight  of. 

In  the  early  days  of  slow  speed  the  danger  of  fall  from  breakage 
of  the  cables  was  alone  considered,  and  the  devices  used  were  prin- 
cipally such  as  would  stop  the  descent  of  the  car  should  the  cables 
break;  but  with  the  introduction  of  higher  speeds  necessitating 
better  designed  apparatus,  and  the  use  of  a  multiplicity  of  cables, 
accidents  due  to  breakage  of  cables  became  infrequent,  but,  never- 
theless, it  was  found  that  serious  accidents  could  occur,  and 
did  occur,  from  runaways  caused  by  derangements  of  the  controlling 
apparatus,  loss  of  pressure,  etc.,  and  it  was  recognized  that  safety 
apparatus  depending  on  velocity  and  not  alone  upon  breakage  was 
necessary. 

The  two  essential  elements  of  safety  are  the  prevention  of 
excessive  speed  from  any  cause,  and  over-running  the  limits  of 
travel. 

The  early  forms  of  safeties  were  designed  to  produce  positive 
and  quick  stops.  These  answered  for  the  slow  speeds  then  in  use, 
as,  with  such  speeds,  short  stops  were  not  dangerous  to  the  pas- 
sengers; but  with  the  high  speeds  usual  to-day,  namely,  8,  10  and 

12  ft.  per  sec.,  such  devices,  even  if  they  could  withstand  the  impact 
without  their  own  destruction,  would  result  in  serious  injury  to 
the  passengers.     Hence  modern  safety  devices  provide  invariably 
for  a  resistance  proportioned  so  that  the  car  will  slide  a  distance 
proportional  to  its  velocity. 

Tests  have  shown  that  a  strong,  healthy  person,  when  descending 
at  speed,  may  be  stopped  in  a  distance  of  one-fifth  of  the  velocity 
height  without  serious  injury.  This  means  increasing  the  strains 
upori  the  members  of  the  body  to  six  times  the  normal  strains  due 
to  the  individual's  own  weight.  Manifestly,  persons  of  delicate 
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structure  could  not  stand  such  a  strain  without  serious  injury,  and, 
in  good  elevator  practice,  it  is  customary  to  arrange  the  safety 
devices  to  produce  a  stop  about  equal  to  the  velocity  height,  thus 
doubling  the  strains  on  the  members  of  the  body,  strains  which  a 
person  of  the  most  ordinary  physique  can  sustain  without  injury 
or  serious  discomfort. 

To  accomplish  this  the  retarding  force  of  the  safety  devices 
should  not  exceed  twice  the  weight  of  the  car  and  load.  The 
arrangements,  by  which  the  safeties  were  operated  by  breakage 
of  the  cables,  are  now  generally  abandoned,  and  modern  devices 
are  operated  by  speed  governors  set  for  a  predetermined  speed,  usually 
from  30  to  50%  in  excess  of  the  designed  speed  of  the  elevator.  If, 
from  any  cause,  the  speed  of  the  car  reaches  that  at  which  the 
governor  is  set,  the  safety  devices  are  put  in  action  and  the  car 
brought  to  rest. 

All  the  governors  are  of  the  centrifugal  type,  and  are  usually  set 
in  a  fixed  position  at  the  top  of  the  hatchway,  and  revolved  by  a 
rope  attached  to  the  safety  devices  on  the  car,  the  governor  acting 
by  gripping  the  rope  and  preventing  its  further  motion,  the  con- 
tinued motion  of  the  car  operating  the  safety  clutches. 

In  some  cases  the  governor  is  placed  upon  and  carried  with  the 
car,  and  operates  the  safeties  directly,  the  motion  being  imparted 
to  the  governor  by  a  standing  cable.  In  either  case  the  principle 
of  action  is  the  same. 

In  1893  the  guide  rails  of  elevators  were  principally  of  hard  wood, 
and  the  safety  clutches  were  designed  to  act  upon  these.  The  type 
of  safety  generally  usjsd  consisted  of  arrangements  of  planer  teeth 
forced  into  the  guide  and  producing  resistance  by  planing  or  groov- 
ing the  wood  guide  as  the  car  descended.  Plate  XXII  shows  one 
form  of  this  type  of  safety. 

These  devices  in  various  forms  are  still  in  use  with  wood  guide 
strips,  especially  for  very  heavy  work,  and  for  light  work  where 
the  use  of  wooden  guides  is  not  considered  objectionable. 

For  the  modern  office  building,  and  with  high-class  passenger  ele- 
vators generally,  where  the  loads  carried  do  not  exceed  3  000  or 
4  000  lb.,  steel  T-guides  are  used  on  account  of  the  superior,  smooth, 
gliding  motion  attained  when  such  guides  are  well  finished  and  well 
erected. 
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The  safety  device  used  with  such  guides  invariably  consists  of 
heavy  jaws  caused  to  grip  the  guides  with  sufficient  force  to  produce 
the  friction  required  for  retardation.  As  the  coefficient  of  friction 
on  a  greased  steel  guide  is  at  times  as  low  as  0.08,  it  will  be  evident 
that  such  jaws  must  grip  the  guides  with  tremendous  pressure. 
This  is  accomplished  by  constructing  the  jaws  in  the  form  of 
scissors,  the  handle  ends  being  forced  apart  by  wedges,  acted  upon 
either  directly  by  steel  springs  or  by  right-  and  left-  hand  threads, 
turned  by  a  drum  upon  which  the  governor  rope  is  wound. 

The  first  method  gives  a  uniform  pressure  (that  due  to  the 
force  of  the  spring)  and  therefore  uniform  retardation.  The  second 
gives  a  varying  pressure,  gradually  increasing  as  the  safety 
drum  turns  and  with  increasing  retardation.  Both  methods  have 
advantages. 

A  safety  device  combining  both  methods,  the  jaws  being  actuated 
primarily  by  a  spring,  the  pressure  upon  which  is  increased 
gradually  by  screws  actuated  by  the  revolving  drum  is  sometimes 
used. 

The  drum  safety  device  is  shown  on  Plate  XXII. 

These  safeties,  as  designed  for  standard  passenger  elevator  ser- 
vice, have  a  retarding  force  of  from  8  000  to  12  000  Ib. 

The  ordinary  hydraulic  elevator  (which  descends  by  gravity) 
is  not  likely  to  acquire  dangerous  speed  in  an  upward  direction, 
and  hence  the  governors  and  safety  devices  are  designed  to  act  in 
descending  only. 

The  electric ,  drum  over-balanced  elevator,  also,  under  general 
conditions  of  design,  is  not  likely  to  ascend  at  excessive  speed,  and, 
therefore,  is  provided  with  safeties  acting  on  descent  only;  but  such 
types  as  the  pulling  plunger  hydraulic  and  all  forms  of  electric 
rope-drive  elevators  may  acquire  excessive  speed  in  either  direction, 
and  hence  are  provided  with  double-acting  governors,  arranged  to 
operate  the  safeties  in  either  direction. 

Over-running  the  limits  of  travel  is  provided  against  in  hydraulic 
elevators  by  the  introduction  of  a  secondary  valve,  which  is  closed 
by  the  motion  of  the  piston  or  cross-head  at  each  end  of  its  travel; 
also,  the  stroke  of  the  piston  is  limited  by  the  length  of  the 
cylinder,  and  the  pistons  are  usually  arranged  with  followers  which 
cover  the  ports  at  the  ends  of  the  stroke;  thus  the  hydraulic  engine 
has  three  provisions  against  over-running: 
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First. — The  secondary  valve  especially  for  the  purpose; 

Second.— The  closing  of  the  ports  by  the  piston  followers;  and 

Third. — The  final  limit  of  the  length  of  the  cylinder. 

With  the  electric  drum  machine,  the  limit  stop  consists  of  a 
mechanical  device  attached  to  the  winding  drum  which  operates 
the  same  controlling  devices  at  the  limits  of  the  travel  as  are  used 
in  ordinarily  stopping  the  machine. 

The  mechanical  connection  to  the  drum  usually  consists  of  a 
fine-threaded  screw  on  the  end  of  the  drum  shaft  upon  which 
a  traveling  nut  moves  in  a  fixed  ratio  to  the  movement  of  the  car; 
this  nut,  at  the  ends  of  its  travel,  moving  the  controlling  devices. 
Such  a  device,  being  adjustable  and  operating  the  ordinary  con- 
trolling devices,  fails  if  the  controlling  devices  fail,  or  if  improperly 
adjusted.  Hence  additional  limit  switches  are  placed  in  the  hatch- 
way, operated  directly  by  the  car  itself,  or  its  counterweight. 
Should  the  car  run  beyond  its  limits,  these  switches  cut  off  the 
current  and  apply  the  brake. 

In  all  types  of  rope-drive  elevators,  as  the  ropes  are  not  con- 
nected positively  to  the  driving  sheaves,  there  is  no  fixed  relation 
between  the  position  of  the  car  and  the  position  of  the  driving 
machinery;  hence  mechanical  connections  from  the  driving  sheave 
to  the  controlling  devices  cannot  be  positive.  In  such  cases,  limit 
switches,  impinged  upon  by  the  car  or  counterweight,  and  which 
operate  the  ordinary  controlling  devices,  are  used,  and,  in  addition 
to  these,  pneumatic  or  hydraulic  buffers  are  attached  to  the  counter- 
weights or  cars,  arranged  to  bring  them  to  rest  at  the  ends  of  the 
travel  independently  of  other  devices.  This  method  is  particularly 
applicable  to  rope-drive  machines,  as,  there  being  no  positive  con- 
nection between  the  cars  and  driving  sheaves,  the  winding  mechanism 
can  be  allowed  to  continue  running  by  slippage  of  the  ropes. 

An  important  element  of  safety  in  all  types  of  elevators  is  that 
the  counterweight  be  arranged  to  bottom  solidly  before  the  car 
reaches  the  overhead  work. 

Besides  these  primary  safety  devices,  secondary  devices  are  used 
with  drum-winding  machines,  such  as  potential  switches  to  cut  off 
the  current  in  case  of  excess,  and  slack  cable  switches  to  cut  off  the 
current  and  prevent  further  revolution  should  the  car  or  counter- 
weight be  arrested  in  its  travel  either  by  the  regular  safety  devices 
or  by  obstructions  in  the  shaft,  thus  preventing  the  cables  unwinding 
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from  the  drum.  Manifestly,  such  slack  cable  devices  are  not 
required  with  hydraulic  elevators  and  rope-drive  electric  elevators, 
as  in  these  types  the  cables  are  always  in  tension.  In  the  modern 
types  of  electric  elevators,  the  brakes  are  held  off  by  magnets  excited 
by  the  current,  and  hence  breaking  of  the  current  by  means  of  any 
of  the  safety  attachments  actuates  the  brakes. 

It  is  customary  to  arrange  elevator  safeties,  which  are  essentially 
automatic,  so  that  they  may  also  be  put  in  action  by  the  operator 
in  the  car. 

All  the  foregoing  provisions  for  safety,  while  very  efficient  when 
maintained  under  proper  supervision,  being  mechanical  and  elec- 
trical devices,  are  not  proof  against  inattention,  carelessness  and 
neglect.  They  may  be  relied  upon  absolutely  when  new  and  first 
adjusted,  and  afterward,  if  cared  for  properly;  but,  unfortunately, 
they  are  rarely  called  upon  until  after  long  use,  inviting  a  false 
sense  of  security  and  neglect.  Hence,  when,  after  a  long  period 
of  service,  they  are  called  into  action  unexpectedly,  have  frequently 
failed  from  neglect  of  adjustment,  and  even  from  previous  breakage 
or  removal  of  essential  parts. 

These  conditions  caused  considerable  study  to  be  devoted  to  an 
effort  to  devise  some  type  of  apparatus  which  would  be  free  from 
danger  of  becoming  inoperative  through  neglect,  and  led  to  the 
production  of  what  is  known  as  the  "Cruickshank  Elevator  Safety," 
the  invention  of  Mr.  E.  C.  Smith.  This  is  shown  in  Fig.  13. 

Previous  devices  required  to  be  kept  in  good  condition  in  order 
to  act.  This  requires  to  be  kept  in  good  condition  to  keep  it  from 
acting  and  preventing  operation  of  the  elevator. 

It  is  based  upon  the  principle  that  if  a  wire  is  bent  over  three 
pins,  force  is  required  to  slide  the  pins  along  the  wire,  the  resistance 
being  nearly  inversely  proportional  to  the  cube  of  the  distance 
between  the  pins. 

For  passenger  elevators  the  standard  size  of  wire  used  is  0.192  in. 
in  diameter,  having  a  breaking  strain  of  1 800  Ib.  The  pins  are 
spaced  so  as  to  give  a  resistance  of  400  Ib.  per  wire,  or  a  safety 
factor  of  4.5. 

Four  sets  of  wires,  eight  in  a  set,  are  stretched  from  top  to 
bottom  of  the  building  at  the  sides  of  the  elevator  guide  rails. 
Plates  with  bending  pins  inserted,  called  "Ketarders,"  are  strung 
along  the  sets  of  wires  at  intervals,  usually  10  or  12  ft.  Four 
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hinged  dogs  are  attached  to  the  bottom  of  the  car,  one  for  each  set 
of  wires,  and  are  normally  in  position  over  the  retarders.  In 
normal  running,  as  the  car  passes  the  retarders,  the  dogs  are 
allowed  to  drop  back  out  of  the  way  and  pass  without  catching. 
The  dogs  are  arranged  in  pairs,  and  the  retarders  are  staggered, 
and  one  pair  of  dogs  only  can  move  out  of  the  way  at  a  time, 
leaving  the  others  in  position  over  the  retarders. 

A  governor  wheel  is  attached  to  the  top  of  the  car  by  a  pivoted 
arm.  This  governor  wheel  runs  on  a  track  with  depressions  at 
intervals,  into  which  the  governor  wheel  drops,  its  motion  causing 
the  dogs  to  swing  and  pass  the  retarders.  The  depressions  in  the 
track  are  of  such  length  and  depth  with  relation  to  the  pendulum 
length  of  the  governor  that  when  traveling  at  normal  speed  the 
governor  follows  the  track,  but  at  a  higher  speed  than  normal,  the 
governor  fails  to  follow  the  curve  of  the  track,  and  fails  to  move 
the  dogs  out  of  the  way  of  the  retarders,  and  the  elevator  car  is 
brought  to  rest  with  uniform  retardation. 

When  one  pair  of  dogs  picks  up  the  retarders,  the  retarding 
force  is  that  due  to  16  wires,  or  6  400  lb.,  and  if  this  resistance  is 
not  sufficient  to  bring  the  car  to  rest,  it  continues  to  slide  until  the 
other  pair  of  dogs  picks  up  the  retarders  on  the  other  sets  of  wires, 
producing  a  total  retarding  force  of  12  800  lb. 

The  strain  in  the  wires  is  well  within  the  elastic  limit,  and  may 
be  brought  upon  the  wires  an  indefinite  number  of  times  without 
injury. 

After  the  safety  has  been  in  action,  the  retarder  can  be  slipped 
back  and  reset  in  position  easily  and  quickly. 

It  will  be  readily  seen  that  with  this  system  the  safety  can  be 
prevented  from  stopping  the  car,  even  at  normal  speed,  only  by  being 
maintained  in  good  working  order. 

In  the  later  form  of  this  device  the  governor  and  rail  are  replaced 
by  a  cam  under  the  car,  revolved  by  a  cable,  depressions  in  the 
•cam  performing  the  function  of  the  depressions  in  the  rails.  In 
this  case  the  pendulum  length  of  the  dogs  themselves  is  the  govern- 
ing function,  as  they  swing  out  of  the  way  of  the  retarders  by 
gravity,  and  hence  if  the  velocity  is  too  great,  the  dogs  cannot  clear 
the  retarders,  and  the  car  is  stopped. 

Latches  which  prevent  the  dogs  swinging  back,  once  they  have 
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swung  out  beyond  a  given  distance,  form  a  second  governing  device, 
as,  while  the  time  of  swing  is  fixed  by  the  pendulum  length,  the 
length  of  the  swing  increases  with  the  velocity  of  the  car. 

This  device  may  also  be  used  as  an  automatic  terminal  stop  by 
placing  retarders  at  the  terminals,  rendering  it  impossible  for  the 
elevator  cage  to  go  beyond  its  limits  without  catching  on  the  wires. 
Also,  the  governor  track  may  be  arranged  so  that  the  car  cannot 
approach  either  terminal  except  at  slow  speed. 

An  important  feature  of  this  device  is  that  when  the  car  is 
arrested,  it  can  be  immediately  released  by  reversing  its  motion, 
provided  the  cables  and  machinery  are  intact,  and  the  power  has 
not  failed. 

This  type  of  safety  is  comparatively  new,  but,  on  account  of  its 
intrinsic  merit,  is  coming  rapidly  into  use,  and  bids  fair  to  become 
the  standard  elevator  safety  device. 

It  is  estimated  that  the  number  of  passengers  carried  daily  by 
elevators  in  the  City  of  New  York  exceeds  the  number  carried  by 
all  the  surface  and  elevated  railways,  and  it  speaks  well  for  the 
excellence  and  safety  of  these  machines  that  so  few  of  these  millions 
of  passengers  are  injured. 

The  elevator,  looked  upon  forty  years  ago  as  a  luxury,  has  now 
become  a  necessity,  and,  from  installations  costing  a  few  thousand 
dollars,  has  grown  to  single  installations  costing  half  a  million. 
THe  installations  of  passenger  and  freight  elevators  throughout  the 
United  States  during  the  past  year  amounted  to  more  than 
$12  000  000. 

The  writer,  as  far  as  possible,  has  given  credit  in  the  body  of 
the  paper  to  the  inventors  of  the  devices  mentioned.  His  own  part 
in  the  development  described  has  been  merely  the  selection  and 
adaptation  of  the  inventions  of  others. 
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KEGINALD  PELHAM  BOLTON,  M.  AM.  Soc.  C.  E.,  New  York  City.  Mr.  Boiton. 
(By  letter.) — Mr.  Brown's  paper  is  by  far  the  most  important  and 
comprehensive  presentation  of  this  subject  that  has  appeared  in  any 
country.  Having  been  closely  connected  with  elevator  practice  and 
development,  the  writer  is  able  to  appreciate  the  value  of  this  contri- 
bution as  perhaps  few  others  can. 

The  writer  has  been  intimately  in  touch  with  the  problem  of  the 
high-speed  elevator  for  schedule  office-building  service,  has  been 
frequently  involved  in  the  discussion  of  the  superior  merit  of 
hydraulic,  as  against  that  of  electrical  operation,  and  finds  that 
Mr.  Brown's  general  conclusions  agree  with  his  own,  namely,  that 
the  hydraulic  machines  are  the  more  economical,  under  practical 
conditions. 

The  writer  has  long  maintained  this  position,  gained  from  inti- 
mate knowledge  of  the  conditions  of  operation  of  both  kinds  of 
plant,  but  it  is  remarkable  how  the  advocates  of  electrical  operation 
still  continue  to  ignore  the  facts,  and  advocate  their  apparatus  for 
high-speed  service. 

It  cannot  be  too  definitely  or  clearly  understood  that,  for  such 
work,  the  electrical  method  of  operation  is  inherently  unsuited, 
inasmuch  as  it  cannot  arrest  the  momentum  of  the  operating  parts 
with  any  degree  of  positiveness.  For  this  purpose,  it  is  dependent 
on  a  large  amount  of  unbalanced  weight  in  the  car,  and  on  devices 
such  as  brakes,  springs  and  lever  weights  in  the  operating  machine. 
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tfr.  Bolton.  The  hydraulic-piston  elevator,  with  the  counterweights  on  the 
head  or  in  the  piston,  has  a  direct  and  positive  arrest  of  the 
momentum  of  the  greater  portion  of  the  operating  mass. 

The  hydraulic-plunger  elevator  has  this  positive  arrest  only  in 
one  direction,  and,  therefore,  is  as  unsuited  as  the  electric  elevator 
for  schedule  high-speed  service. 

The  Sprague  screw  machine  was  an  attempt  to  imitate  the 
feature  of  the  hydraulic  piston  by  positive  control  of  moving  parts. 
Its  fate  is  stated  on  page  164.  Considerable  hostility  was  manifested 
toward  the  writer  when  he  made  public  its  weaknesses  and  the 
expensive  character  of  its  maintenance,  but  the  result  has  fully 
justified  alt  his  assertions. 

From  a  knowledge  of  the  facts  in  New  York  City  the  following- 
results  are  found: 

I. — The  electric  method  of  operation  is  incapable  of  arresting 

motive  apparatus  with  celerity  and  certainty. 
II. — The    electrical    method    of    operation    involves    an    undue 

dependence  on  uncertain  appliances. 

III. — The  electrical  apparatus  is  unduly  expensive  in  mainte- 
nance. 

IV. — The   electrical    system   of   distribution    of   power    is    un- 
necessary in  buildings.    The  apparatus  itself  is  of  lower 
efficiency  than  that  of  hydraulic  apparatus. 
V. — The  operation  of  schedule  service  is  not  satisfactory  with- 
out the  aid  of  storage  of  power. 

VI. — The  cost  of  operation  in  schedule  service  is  excessive. 
VII. — The   operation   of   lighting,   by   the   same   unit   as   that 
supplying  electric  elevator  machines,   is  unsatisfactory, 
and  uneconomical. 

I. — A  reference  to  Mr.  Brown's  illustrations  of  any  of  the  electri- 
cally-operated devices,  such  as  Figs.  9,  11  and  12,  will  make  clear 
the  lack  of  provision  for  the  arrest  of  traveling  parts,  a  defect  which 
in  Fig.  9  the  inventor  endeavored  to  overcome  by  an  electric  brake 
on  the  overhead  sheave. 

This  is  the  feature  of  security  and  advantage  in  making  stops 
from  a  high  speed  that  is  possessed  by  the  hydraulic-piston  machine, 
and  which  was  attempted  to  be  installed  by  the  Pratt  screw  electric 
machine,  whose  fate  is  told  in  the  brief  obituary  on  page  164,  the  one 
word,  "abandoned." 

II. — The  defects  of  dependence  for  support  of  the  car  by  traveling 
flexible  driving  ropes,  as  in  Figs.  9,  11  and  12,  are  apparent.  The 
multiplication  of  turns  and  sheaves  in  the  Fraser  and  Traction 
machines,  has  led  to  the  development  of  the  cable-drive  machine, 
Fig.  12,  a  meritorious  effort  to  return  to  simplicity.  But,  in  this, 
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as  in  all  the  others,  the  life  of  the  passengers  is  dependent  on  the  Mr.  Boiton. 
strength  of  brackets,  bearing,  covers  and  driving  spindles. 

The  controls  increase  in  complexity.  It  is  only  necessary  to 
examine  the  frequently  altered  and  modified  control  boards  in  the 
German-American,  Lords  Court  and  other  buildings  in  New  York 
City,  to  see  the  reasons  for  the  frequent  stoppages  of  the  service, 
and  the  unreliability  of  the  whole  system  of  control. 

Electricity  is  here  being  made  to  effect  by  all  sorts  of  mechanical 
devices,  levers,  worm-gears,  contacts,  circuit-breakers,  what  is 
effected  in  hydraulic  operation  by  the  simple  movement  of  a  piston- 
valve  in  its  cylinder. 

III. — It  must  be  evident  to  any  person  familiar  with  the  operation 
of  this  class  of  electrical  apparatus,  that  the  service  upon  the 
numerous  operating  parts  is  severe.  The  engineers  of  buildings  in 
which  they  are  installed  agree  in  the  statement  that  repairs  are 
frequent,  and  the  bills  for  maintenance  are  largely  in  excess  of  the 
cost  of  packing  for  hydraulic  cylinders  and  pumps. 

IV. — The  electrical  distribution  of  power  does  not  possess  any 
inherent  advantages  in  the  case  of  elevator  operations.  The  distance 
between  the  source  of  power  and  the  operating  mechanism  is  small, 
and  the  electrical  losses  do  not  exhibit  any  particular  economy  over 
those  of  other  means  of  distribution  of  power. 

The  efficiency  of  the  combined  generation,  distribution  and  appli- 
cation of  electric  force  to  elevator  movement  is  low. 

Mr.  Brown  states  that  the  mechanical  efficiency  of  wormr 
operated  machines  is  only  from  60  to  72%,  and  that  the  current 
consumption  of  the  Eraser  and  other  types  is  in  excess  of  the  drum 
type,  as  against  a  mechanical  efficiency  of  from  80  to  86%  with 
hydraulic  machines. 

The  reported  electrical  consumption,  related  back  to  the  steam 
consumption,  does  not  show  any  advantage  over  hydraulic  operation 
when  the  latter  is  produced  by  direct-acting  triple-expansion  pump- 
ing engines,  and  cannot  nearly  come  up  to  that  producible  by  fly- 
wheel pumping  machines. 

V. — It  has  been  found  that  electric  service,  in  fast  schedule 
work,  cannot  be  maintained  satisfactorily  without  the  addition  of 
power-storage.  In  the  hydraulic  system,  this  is  an  integral  part  of 
power  distribution,  but,  in  the  electrical,  it  involves  the  addition  of 
costly  storage  batteries.  Their  prime  cost  is  a  direct  addition  to 
the  cost  of  installation,  since,  for  high-speed  work,  the  prices  of 
electric  and  hydraulic  installations  are  about  equal.  In  the  K.  G. 
Dun  Building,  the  battery  cost  not  less  than  $18  000,  and  the 
maintenance,  interest  and  depreciation  amount  to  $2  700  per  annum, 
an  addition  to  the  cost  of  operation  equal  to  3  tons  of  coal  per  day. 

VI. — In   addition,   in   all   large   office   buildings   using   electric 
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Mr.  Boiton.  elevators,  it  will  be  found  that  one  man's  time  is  devoted  to  their 
maintenance  and  care.  Thus,  for  that  class  of  service,  there  is 
no  advantage  in  prime  cost,  nor  in  labor,  nor  in  cost  of  operation, 
nor  in  greater  security,  nor  in  more  satisfactory  operation. 

It  will  be  found,  by  those  who  still  continue  to  advocate  this 
application  of  distribution  of  power,  that  such  elevators  are  only 
satisfactory  apparatus  at  less  speeds  than  350  ft.,  and  their  limita- 
tion of  advantage  and  adaptability  lies  below  that  figure. 

VII. — It  has  long  been  a  usual  assertion,  and  continues  to  be 
considered  as  an  elementary  feature  of  advantage,  that  electric 
elevators  can  be  operated  by  the  same  generating  apparatus  as  that 
used  to  generate  current  for  lighting  purposes.  This  is  a  mis- 
leading proposition.  It  is  manifest  that  any  generator  proportioned 
to  produce  a  certain  lighting  current  will  receive  a  considerable 
over-load  when  the  elevator  is  started  and  operated  from  the  same 
source.  The  generator  should  be,  and  the  steam  cylinder  must  be, 
therefore,  increased  in  size,  and  the  latter,  when  the  elevator  is  not 
in  operation,  is  usually  too  large  for  its  work  and  is  operating  un- 
economically. 

Where  this  combination  has  been  attempted,  it  has  been  success- 
ful only  where  the  use  of  the  elevator  is  light. 

The  "Plunger"  type  of  elevator  has  been  mentioned  by  the 
writer  as  being  in  one  respect  unsiaited  for  high-speed  schedule 
service.  It  cannot  be  asserted  that,  in  thus  objecting  to  this  other- 
wise most  desirable  form  of  elevator,  the  writer  is  in  any  way 
prejudiced  against  it,  as  he  was  the  only  engineer  who,  after  years  of 
effort  by  the  Plunger  Elevator  Company,  was  found  ready  to  utilize 
the  system  for  a  high  lift,  and  to  undertake  the  responsibility  of 
boring  for  the  cylinders  in  the  rock  of  Manhattan  Island.  In  the 
Ansonia  Apartment  Hotel,  the  writer  installed  fourteen  long-run 
plunger  elevators,  operating  at  a  speed  of  400  ft.  per  minute,  all 
having  the  then  untried  travel  of  200  ft.,  and  one  having  235  ft., 
with  a  capacity  of  7000  Ib.  Therefore,  the  writer  may  claim  the 
privilege  of  an  admirer  and  friend,  when  he  enters  upon  a  warning 
to  other  admirers  of  the  system,  not  to  engage  the  plunger  elevator 
in  high-speed  service. 

It  is  perfectly  safe  on  the  down-run,  but  it  is  not  controllable  on 
the  up-run.  Its  danger  point  is  the  failure  of  the  upper  automatic 
cut-off,  without  which  no  means  exist  but  gravity  for  preventing 
its  over-running  beyond  its  limit. 

When  the  Ansonia  elevators  were  installed,  the  Department  of 
Buildings  issued  a  violation  against  the  machines,  based  on  the 
absence  of  safeties  under  the  cars.  The  writer  entered  into  a  close 
discussion  of  the  matter  with  the  Commissioner  and  the  Inspectors 
of  his  Bureau,  and  succeeded  in  demonstrating  to  them  that  safeties 
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of  the  ordinary  type  were  not  necessary  or  desirable  in  the  plunger,  Mr.  Boiton. 
and  that  on  the  up-run,  within  the  speed  named,  there  was  no 
danger  to  be  apprehended  from  over-running  in  case  of  failure  of 
the  upper  cut-off. 

But  at  speeds  of  600  ft.,  such  a  danger  is  present.  The  provision 
to  meet  it,  adopted  by  some  of  the  less  experienced  manufacturers 
who  have  recently  gone  in  for  the  the  exploitation  of  this  type,  is  to 
limit  the  run  of  the  counterweight,  so  that  it  will  come  to  rest  if 
the  car  over-runs  at  the  top  of  the  travel.  This  provision  is  insuffi- 
cient, and,  even  if  it  operated,  the  disengagement  of  the  counter- 
weight ropes  from  the  overhead  sheaves  would  leave  the  car  and 
plunger  in  a  very  precarious  condition. 

Over  and  above  this  element  of  insecurity  at  high  speeds  the 
plunger  system  is  ineffective  at  schedule  rates  of  operation,  its 
limit  of  stop  on  the  up-run  being  only  that  due  to  gravity. 

A  number  of  these  elevators  have  been  installed  recently  in  the 
Hotel  Bellevue,  Philadelphia.  At  the  designed  speed  of  400  ft.,  they 
operated  well,  but,  on  an  attempt  to  run  them  at  600  ft.,  it  was 
found  impracticable  to  make  landings  with  any  precision. 

A  great  deal  of  advertising  has  been  done  by  the  manufacturers 
of  these  machines,  who  have  induced  the  owners  of  the  Trinity 
Building  in  New  York  City  (21  stories)  to  install  this  type  of 
elevator. 

This  decision  was  taken  by  the  Building  Committee  in  direct 
opposition  to  the  advice  of  its  engineer.  The  result  will  be  lament- 
able for  the  plunger  system,  which,  no  doubt,  will  be  debited  with  a 
failure  to  maintain  a  satisfactory  schedule  service,  and  will  thus 
suffer  discredit  by  reason  of  its  application  to  unsuitable  conditions 
by  over-enthusiastic  exponents. 

BURT    S.    HARRISON,   ESQ.,   New   York    City.    (By   letter.) — In  Mr.  Harrison. 
1901  contract  was  let  by  the  Keystone  National  Bank  of  Pittsburg 
for  the  construction  of  a  15-story  office  building  for  which  Mac- 
Clure  and  Spahr,  of  Pittsburg,  were  the  architects,  and  the  writer 
was  the  consulting  engineer  of  the  elevator  installation. 

The  first  floor  of  the  building  is  designed  for  the  use  of  the 
bank,  and  the  remaining  floors  for  commercial  offices.  In  the  base- 
ment, three  generator  units  supply  electric  current  for  the  opera- 
tion of  lights  and  motors  at  110  volts  d.  c.  Each  generator  is 
direct-connected  to  a  Westinghouse  gas  engine,  using  natural  gas. 

Eor  many  reasons,  vertical-cylinder  hydraulic  elevators  were 
preferred  to  direct-drum  machines,  and,  since  the  boiler  plant  was 
designed  for  operation  only  in  connection  with  the  heating  plant 
and  would  not  be  available  during  the  summer  months,  electrically- 
driven  pumps  were  necessary. 

The  switchbord  was  designed  so  that  both  lights  and  motors  could 
be  supplied  with  current  from  the  same  bus-bars  at  such  times  as 
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Mr.  Harrison-  the  load  did  not  exceed  the  capacity  of  one  generator.  For  this 
reason  it  was  necessary  to  have  the  elevator  pumps  and  motors 
either  operate  continuously,  or  else  to  adopt  such  an  arrangement 
that  they  would  start  under  as  little  load  as  possible. 

Specifications  were  written,  and  bids  taken  on  both  the  single- 
pressure  system  (120  Ib.  working  pressure)  and  the  double-pressure 
system  (100  and  150  Ib.  working  pressures),  and  the  contract  was 
let  to  the  Otis  Elevator  Company  on  the  two-pressure  basis. 

The  plant  consists  of  four  passenger  elevator  cars,  each  having 
30  sq.  ft.  of  floor  space  and  a  capacity  of  2  000  Ib.,  exclusive  of  the 
weight  of  the  car  or  counterbalance,  and  a  guaranteed  speed  of 
500  ft.  per  min.  with  an  average  load  of  1  300  Ib.  One  of  the  cars 
has  a  capacity  of  6  000  Ib.  at  a  speed  of  25  ft.  per  min.,  for  safe 
hoisting.  The  total  travel  for  all  elevators  is  from  the  first  to  the 
fifteenth  floor,  or  175  ft. 

The  hydraulic  plant  consists  of :  a  low-pressure  tank  of  5  000 
gal.  capacity,  located  on  the  roof ;  a  high-pressure  tank  of  2  500  gal. 
capacity,  located  in  the  basement;  the  necessary  piping,  valves,  con- 
trollers, etc.;  two  Xo.  7  Quimby  screw -pumps,  each  with  a  capacity 
of  400  gal.  of  water  per  min.,  at  a  speed  of  750  rev.  per  min.  against 
a  pressure  of  100  Ib.,  each  pump  direct-connected  to  a  60-h.  p.,  Otis 
electric  motor;  and  a  back-geared,  motor-driven,  triplex  safe-lifting 
pump.  The  two  Qxiimby  pumps  have  a  capacity  of  400  gal.  per 
min.,  when  operating  in  series  hydraulically  against  a  pressure  of 
150  Ib. 

The  operation  of  the  pumping  plant  is  as  follows:  upon  starting 
the  plant,  Pumps  Nos.  1  and  2  operate  in  parallel,  hydraulically  and 
electrically,  upon  the  low-pressure  system  until  the  pressure  reaches 
100  Ib.,  when,  by  means  of  a  change-over  valve,  they  are  thrown  into 
series  hydraulically,  and"  operate  upon  the  high-pressure  tank 
When  the  pressure  in  this  tank  reaches  145  Ib.,  if  that  from  the 
low-pressure  system  has  not  fallen  below  95  Ib.,  the  motors  are 
thrown  into  series  electrically,  and  the  pumps  continue  to  operate 
in  series  hydraulically,  at  one-half  speed  and  capacity,  upon  the 
high-pressure  tank.  As  soon  as  the  pressure  from  the  low-pressure 
system  drops  below  95  Ib.,  the  pumps  begin  to  operate  in  parallel, 
hydraulically  and  electrically,  upon  that  tank,  and  the  operation 
continues  as  before.  A  series  of  pressure-regulator  valves,  change- 
over valves  and  electric  switches  control  the  operation  of  the  pumps 
automatically  after  the  system  has  once  been  started. 

It  was  estimated  that  with  this  system  of  operation,  the  pumps 
would  seldom  stop  altogether.  High  pressure  is  used  only  to  start 
the  cars  and  to  accelerate,  while  the  low  pressure  is  used  for  opera- 
tion when  the  cars  are  up  to  speed. 

To  prevent  the  operators  of  the  cars  from  using  high  pressure 
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throughout  the  trips,  a  special  operating  lever  is  provided  in  each  Mr.  Harrison, 
car,  having  an  auxiliary  lever  attached  to  same  and  controlling  the 
use  of  high  pressure.  When  the  operating  lever  is  thrown  clear 
over,  the  pilot  valve  opens  wide  for  low  pressure.  To  put  the  high 
pressure  on  the  cylinder,  the  auxiliary  lever  attached  to  the  operat- 
ing lever  must  be  compressed,  and  the  operating  lever  moved  a  notch 
further.  When  the  full  speed  is  attained,  and  the  auxiliary  lever 
is  released,  the  operating  lever  comes  back  to  the  position  of  full 
open  for  low  pressure.  Since  it  requires  some  additional  exertion 
to  operate  the  auxiliary  lever,  and  since  this  energy  must  be  con- 
tinuously expended  to  keep  the  high  pressure  on  the  system,  it  was 
believed  that  there  would  not  be  so  much  temptation,  on  the  part 
of  the  operator,  to  waste  the  high  pressure  unnecessarily. 

As  a  matter  of  fact  it  was  found  that  even  if  the  high  pressure 
were  used  continuously,  a  certain  amount  of  low-pressure  water  also 
entered  through  the  pilot  valve  as  described  by  Mr.  Brown  on  page 
147  of  his  paper. 

The  system  was  installed,  and  was  first  operated,  as  described, 
on  the  basis  of  automatic,  intermittent  operation  of  the  pumps. 

Owing  to  the  rather  complicated  arrangement  of  controlling  ap- 
paratus, and  many  other  causes  incident  to  the  installation  of  a 
new  system,  numerous  minor  troubles  were  experienced  in  obtaining 
perfect  smoothness  of  operation  under  the  charge  of  the  engineer  of 
the  plant.  At  the  suggestion  of  Mr.  K.  C.  Smith,  of  the  Otis  Com- 
pany, inventor  and  patentee  of  the  system,  the  controller  board 
was  altered  so  that  the  system  could  be  operated  under  any  of  the 
following  methods,  at  the  option  of  the  engineer  in  charge. 

First. — Full  service,  operating  the  pumps  and  motors  intermit- 
tently as  designed;  average  current  consumption,  600  amperes; 

Second. — Full  service,  operating  the  pumps  and  motors  continu- 
ously, with  pressure-relief  valves  by  passing  the  pump  discharges  to 
the  pump  suction  when  the  limit  of  pressure  is  reached;  average 
current  consumption,  650  amperes; 

Third. — Half  power  (low  pressure  only),  running  two  cars  only; 
motors  operating  either  continuously  or  intermittently;  average 
current  consumption,  300  to  325  amperes; 

Fourth. — Full  service  for  all  elevators  with  both  pumps  operat- 
ing at  120-lb.  pressure;  same  pressure  on  both  tanks;  motors  operat- 
ing continuously;  average  current  consumption,  600  amperes; 

Fifth. — Half  service;  two  cars  in  use;  either  pump  in  service, 
operating  continuously  at  120  lb.;  same  pressure  in  both  tanks; 
average  current  consumption,  325  amperes. 

The  last  three  methods  of  operation  are  intended  to  be  used  only 
for  night  service,  or  in  case  of  emergency.  The  change  from  one 
method  of  operation  to  another  is  accomplished  by  throwing  a 
switch  or  closing  a  valve  at  the  controller  board. 
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Mr.  Harrison.  It  was  found  that,  although  it  requires  about  50  amperes  more 
current,  the  second  method  of  operation  is  preferable  in  some  ways 
to  the  first,  for  the  load  is  absolutely  a  steady  one,  and  the  plant  re- 
quires less  attention  since  there  is  less  operating  mechanism  in 
service  on  the  controller  board. 

After  the  plant  had  been  in  operation  about  18  months,  a  test 
was  made  upon  it  by  Mr.  R.  C.  Smith  and  J.  K.  Furman,  Jun.  Am. 
Soc.  C.  E.,  of  the  Otis  Company,  and  the  writer,  to  determine  what 
work  it  was  doing,  and  whether  it  had  fallen  off  in  efficiency.  The 
result  of  the  test  showed  that  the  efficiency  was  not  appreciably 
altered,  and  that  the  service  requirements  were  well  within  the 
capacity  of  the  plant. 

The  average  number  of  trips  of  all  cars  per  hour  under  normal 
conditions  was  25  trips  per  car.  The  capacity  of  plant  was  30 
trips  per  car  per  hoiir. 

The  average  speed  of  cars,  operating  on  low  pressure  only,  with 
loads  not  exceeding  450  lb.,  exclusive  of  weight  of  car  and  counter- 
balance, was  500  ft.  per  min.  The  average  speed  of  cars,  with  load 
of  1  350  lb.,  exclusive  of  weight  of  car  and  counterbalance,  and  using 
high  pressure  for  starting  and  low  pressure  after  speed  was  at- 
tained, was  500  ft.  per  min. 

The  average  amount  of  water  used  for  both  high  and  low  press- 
ure was  664  gal.  per  min.  The  proportion  of  high  and  low  pressure 
used  was:  Low  pressure  (100  lb.  pressure),  486  gal.  per  min.;  high 
pressure  (150  lb.  pressure),  178  gal.  per  min. 

The  current  consumption  of  both  motors  was:  Operating  on 
low  pressure,  motors  and  pumps  in  parallel,  electrically  and  hydraul- 
ically,  700  amperes;  operating  on  high  pressure,  motors  and  pumps 
in  parallel,  electrically  and  in  series,  hydraulically,  550  amperes; 
the  average  current  consumption  was  650  amperes;  the  average 
power  consumption  for  all  elevators  was  78  kw.  per  hr. 

The  average  cost  of  electric  current,  as  supplied  by  gas-engine 
generator  plant,  was  1.2  cents  per  kw-hr.  (This  includes  the  cost  of 
natural  gas,  oil,  waste,  supplies,  attendance,  repairs,  etc.,  but  does 
not  include  interest  on  investment,  taxes,  insurance,  nor  depreci- 
ation.) 

The  average  cost  of  operation  of  elevator  plant  under  present 
service  requirements  is  $0.936  per  hr.,  or  $0.234  per  car  per  hour,  or 
$0.142  per  car-mile. 

In  view  of  the  fact  that  the  motors  and  pumps  were  operating 
continuously,  while  the  conditions  did  not  require  the  operation  of 
the  cars  on  the  2-min.  schedule,  for  which  the  pumps  gave  capacity, 
the  rate  of  cost  of  operation  per  car-mile  would  be  somewhat  re- 
duced if  the  service  requirements  were  increased.  The  quality  of 
service  rendered  by  the  plant,  and  the  economy  of  operation  of  same 


DISCUSSION   ON  PASSENGER  ELEVATORS.  195 

have  been  highly  satisfactory,   and,  under  existing  conditions,  it  Mr.  Harrison, 
does  not  appear  that  the  same  degree  of  satisfaction  could  be  at- 
tained with  any  other  system. 

WILLIAM  H.  BRYAN,  ESQ.,  St.  Louis,  Mo. — The  profession  of  En-  Mr.  Bryan, 
gineering  is  to  be  congratulated  upon  the  placing  on  record  of  this 
valuable  discussion  of  the  present  status  of  the  art  of  elevator 
building.  The  paper  is  particularly  notable  in  giving  credit  to  the 
individuals  who  actually  made  the  important  improvements.  It  is 
to  be  regretted  that  the  author's  modesty  has  prevented  more  suit- 
able mention  of  his  own  work. 

The  speaker  is  surprised,  however,  at  the  preference  evinced  by 
the  author  for  the  hydraulic  elevator.  In  St.  Louis  and  vicinity, 
that  type  is  practically  out  of  date.  No  hydraulic  elevators  have 
been  installed  in  any  kind  of  buildings  here — high  office  buildings 
inclusive — for  a  number  of  years,  for  reasons  which  appear  to  local 
engineers  and  architects  to  be  amply  sufficient.  For  ordinary  speeds 
— say,  under  400  ft.: — and  for  lifts  under  150  ft.,  the  modern  electric 
drum  elevator  has  proven  very  satisfactory,  and  the  engineer  or 
architect  in  this  part  of  the  country,  who  to-day  would  return  to 
hydraulic  machines  would  find  it  necessary  to  explain  his  position. 
It  is  true  there  have  been  no  recent  installations  in  very  large  and 
tall  buildings,  for  which  special  cases  the  superiority  o,f  the 
hydraulic  elevator  is  not  questioned. 

The  speaker  is  obliged,  however,  to  take  issue  with  the  author  as 
to  the  relative  steam  economy  of  hydraulic  and  electric  elevators. 
His  investigations  and  experience,  in  a  somewhat  extended  connec- 
tion with  building-plant  design,  have  convinced  him  that,  under 
average  conditions  of  service,  the  electric  elevator  is  far  the  more 
efficient  in  the  use  of  steam,  and  that  its  economy  is  approached  by 
the  hydraulic  only  under  highly  favorable  conditions,  such  as  are 
rarely  met  with  in  practice.  For  the  purposes  of  this  comparison, 
elevator  installations  may  be  divided  as  follows: 

Glass  A. — Small  plants,  of  very  ordinary  construction,  where 
the  service  does  not  justify  a  large  investment  of  capital.  Here 
the  hydraulic  elevator  is  usually  of  the  old-st^le,  low-pressure  type, 
requiring  about  10  water  horse  power  hours  per  car-mile,  as  stated 
by  the  author  on  page  159.  The  steam  pump  is  of  the  ordinary  non- 
compound  duplex  pattern,  requiring  at  least  100  Ib.  steam  per  in- 
dicated, and  125  per  water  horse  power.  The  consumption  of  steam 
is,  therefore,  about  1250  Ib.  per  car-mile. 

'  An  electrical  plant  of  similar  character  is  usually  operated  by  a 
simple  high-speed  steam  engine,  consuming,  say,  70  Ib.  of  steam 
per  kw-hr.,  as  stated  by  the  author  on  page  176.  The  elevator  itself 
probably  has  a  motor  of  low  efficiency  With  high  starting  current, 
is  not  sufficiently  counterbalanced,  and  the  wiring  losses  are  often 
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Mr.  Bryan,  excessive,  so  that  its  current  consumption  probably  averages  4.5 
kw-hr.,  or  6  h.  p-hr.  per  car-mile.  On  this  basis,  the  steam  con- 
sumption is  315  Ib.  per  car-mile,  about  one-fourth  of  that  required 
by  the  hydraulic  plant. 

Class  B. — This  class  includes  the  average  medium-sized  plant, 
of  from  three  to  six  elevators,  with  a  rise  of  from  100  to  150  ft.,  loads 
about  2  500  Ib.  and  speeds  up  to  350  ft.  per  min.  Such  a  hydraulic 
plant  is  usually  driven  by  a  compound  duplex  pump,  giving  "under 
proper  conditions"  a  water  horse  power  hour  for  70  Ib.  of  steam,  as 
stated  by  the  author  on  page  158.  As  the  work  done  by  this  pump 
throughout  the  day  fluctuates  over  a  wide  range,  its  actual  steam 
rate  is  at  least  80  Ib.  per  water  horse  power.  The  elevator  machinery 
is  ordinarily  of  good  average  construction,  and  requires  about  8 
water  horse  power  hours  per  car-mile.  On  this  basis  the  total  steam 
consumption  is  640  Ib.  per  car-mile. 

Electrical  plants  for  similar  service  are  usually  driven  by  high- 
speed, compound,  single-valve  engines,  which  give  an  indicated 
horse  power  hour  on  about  26  Ib.  of  steam.  As  this  engine  always  has, 
in  addition,  a  lighting  load  which  is  usually  much  greater  than  the 
average  elevator  load,  and  as  the  plant  is  divided  into  engine  units 
of  such  dimensions  as  to  suit  the  load  closely  at  all  times,  the  engine 
operates  under  conditions  favorable  to  good  economy.  It  may  safely 
be  assumed,  therefore,  that  all  the  unfavorable  conditions  combined 
do  not  increase  the  actual  water  rate  beyond  30  Ib.  per  indicated 
horse  power  hour,  or  37.5  Ib.  per  electric  horse  power — equivalent  to 
50  Ib.  per  kw-hr.  The  elevator  machine  is  of  improved  construc- 
tion, and,  as  shown  by  repeated  tests,  consumes  under  4  kw-hr.  or 
5.33  h.  p-hr.  per  car-mile.  The  steam  consumption  is,  therefore, 
about  200  Ib.  per  car-mile,  less  than  one-third  of  that  required  by 
the  hydraulic  system. 

Class  G. — This  class  covers  those  occasional  installations  which 
are  of  such  magnitude  and  character  as  to  justify  great  refinements 
in  efficiency.  The  hydraulic  plant  is  driven  by  a  compoxind  fly- 
wheel pumping  engine  with  Corliss  valve  gear,  giving  a  water  horse 
power  hour  on  30  Ib.  of  steam,  as  stated  by  the  author  on  page  159. 
The  elevator  machine  *is  of  the  most  approved  type,  well  counter- 
balanced, and  provided  with  differential  or  double-pressure  ap- 
paratus, and  suitable  accumulator.  A  study  of  the  author's  figures 
indicates  that  its  average  performance  is  about  5  water  horse  power 
hours  per  car-mile.  Its  average  steam  consumption  is,  therefore, 
150  Ib.  per  car-mile. 

Similar  electric  plants  are  also  driven  by  compound  Corliss  or 
other  four-valve  engines.  As  they  usually  have  a  considerable  ad- 
ditional electrical  load  of  light  and  power,  they  are  much  larger 
than  would  be  required  for  the  elevators  alone.  They  are  also  of 
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longer  stroke,  and  run  at  higher  speeds  than  pumping  engines,  and,  Mr.  Bryan, 
as  their  average  loads  are  nearer  their  ratings,  and  are  more  nearly 
constant,  they  are  run  closer  to  conditions  of  maximum  efficiency. 
They  therefore  give  an  electric  horse  power  on  about  27.5  Ib.  of 
steam  per  hr.,  or  36.67  Ib.  per  kw-hr.  The  elevator  machine  itself 
is  well  counterbalanced,  has  low  starting  current,  the  wiring  is 
ample,  and  it  easily  runs  on  3.5  kw-hr.,  or  4.67  h.  p-hr.  per  car-mile, 
as  stated  by  the  author  on  page  176,  making  its  steam  consumption 
128.34  Ib.  per  car-mile. 

It  is  true  that  the  author's  Table  2  shows  hydraulic  perform- 
ances as  low  as  128  and  134  Ib.  of  steam  per  car-mile,  but  these  must 
be  considered  exceptional  cases,  as  the  other  double-pressure  plants, 
in  the  same  table,  run  173  and  234  Ib.  Many  electric  elevators  in 
regular  service  average  less  than  3  kw-hr.  per  car-mile  (as  shown  by 
tests  referred  to  later  herein),  and  favorable  engine  conditions  will 
deliver  a  kilowatt-hour  on  33  Ib.  of  steam.  This  combination  gives 
an  efficiency  of  100  Ib.  of  steam  per  car-mile,  which  may  be  called 
the  lower  limit,  easily  possible,  however,  in  the  present  state  of 
the  art. 

The  successful  development  of  some  of  the  forms  of  cable-drive 
electrical  elevators  will  still  further  improve  the  efficiency,  as  it 
will  do  away  with  the  large  losses  in  the  worm  gearing  of  the  present 
drum  machines.  Counterbalancing  for  varying  cable  lengths  will 
also  be  advantageous.  That  any  improvements  in  the  construction 
of  the  hydraulic  elevator  will  ever  enable  it  to  equal  or  exceed  125 
Ib.  of  steam  per  car-mile  in  regular  average  service  appears  ex- 
tremely improbable. 

It  will  be  noted  that  Class  C — the  only  one  in  which  the 
hydraulic  elevator  approaches  the  electric  in  economy — is  limited 
to  those  installations  in  which  the  number  of  elevators  and  the  high 
lifts  and  loads  warrant  the  use  of  differential  or  double -pressure 
apparatus,  and  high-duty  pumping  engines.  Such  cases  are  com- 
paratively rare.  The  large  majority  of  elevator  installations  come 
within  Class  B,  and  in  this  division — as  well  as  in  Class  A — the 
hydraulic  elevator  is  so  far  behind  the  electric  in  steam  economy 
as  to  be  scarcely  "in  the  running."  Higher  economies  in  both  cases 
could,  of  course,  be  secured  by  the  use  of  condensing  engines,  but 
these  are  rarely  practicable  in  buildings  where  the  exhaust  steam  is 
used  for  a  considerable  portion  of  the  year  for  heating,  not  to  men- 
tion the  increased  space  occupied,  complications,  and  first  cost. 

The  speaker  listened  with  interest  to  Mr.  Bolton's  discussion  and 
agrees  with  his  conclusions  if  limited  to  high-speed  schedule  service 
in  tall  office  buildings.  In  this  field  the  electric  elevator  has  not  yet 
established  itself  as  the  equal  of  the  hydraulic,  in  the  matter  of 
positive  stops,  simplicity  of  construction,  reliability  and  safety,  low 


198  DISCUSSION   ON  PASSENGER   ELEVATORS. 

Mr.  Bryan,  cost  of  maintenance,  and  satisfactory  adherence  to  schedule.  These 
important  advantages  should  very  properly  decide  the  matter  in 
favor  of  the  hydraulic  system,  in  spite  of  the  lower  first  cost  and 
higher  efficiency,  which  the  speaker  believes  should  fairly  be  credited 
to  the  electric  system. 

For  the  average  plant,  however,  such  as  is  covered  by  Class  B, 
the  speaker  believes  that  experience  has  demonstrated : 

1st. — That  the  electrical  method  of  operation  •  provides  ample 
and  satisfactory  control  of  stops  and  starts.  Mechanical  brakes  can 
be  and  are  made  to  perform  as  satisfactorily  as  in  steam  and  electric 
railway  service. 

%d. — That  it  is  of  much  higher  efficiency  than  hydraulic  ap- 
paratus, as  has  already  been  fully  pointed  out,  and  that  the  total 
cost  of  the  service  is  less. 

3d. — That  it  is  possible  to  maintain  a  satisfactory  schedule  with- 
out storage  of  power.  It  is  true  that  a  storage  battery  can  be  of 
considerable  help  in  maintaining  a  satisfactory  schedule  and  in 
operating  lights  from  the  same  generator;  its  great  cost,  however, 
and  the  valuable  space  it  occupies,  preclude  its  use  except  under 
very  severe  service.  Even  with  this  addition,  the  speaker  would  not 
consider  it  desirable  for  the  service  covered  by  his  Class  C.  For 
ordinary  average  service,  however,  a  storage  battery  is  not  neces- 
sary, as  has  been  demonstrated  repeatedly,  providing  the  generating^ 
units  are  of  proper  capacity  and  are  provided  with  good  regulation 
and  ample  feeder  capacity. 

4th. — That  satisfactory  and  economical  lighting  and  elevator 
service  is  secured  from  the  same  generator. 

5th. — That  the  generating  plant  is  far  simpler,  occupies  less  valu- 
able space,  and  its  first  cost  is  materially  less. 

In  the  matter  of  simplicity  of  the  elevator  mechanism  itself,  its 
reliability,  safety,  and  low  cost  of  repairs,  the  speaker  believes  that 
the  advantage  still  lies  with  the  hydraulic  machine,  although  the 
difference  against  the  electric  machine  is  not  so  great  as  to  cause 
its  rejection  under  ordinary  circumstances.  A  very  high  degree  of 
excellence  in  these  features  has  been  secured  by  the  most  modern 
types  of  electric  elevator,  and  its  performance  under  severe  service 
has  been  very  creditable.  With  further  experience  and  study,  it  i& 
reasonable  to  believe  that  these  matters  will  be  still  further  improved. 

The  total  cost  of  operating  an  elevator  plant  is  made  up  of  in- 
terest, depreciation,  repairs,  fuel,  labor,  and  value  of  space  occupied. 
The  important  savings  in  interest,  fuel,  and  space,  due  to  the  electric, 
more  than  counterbalance  the  slightly  increased  depreciation,  re- 
pairs and  labor  required.  While  the  electric  machine  itself  is  pos- 
sibly somewhat  more  complicated  than  the  hydraulic,  and  its  de- 
preciation, repairs  and  attention  charges  are,  therefore,  somewhat 
greater,  it  should  be  remembered  that  the  generating  plant  is  far 
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simpler,  and  that  the  additional  pumping  engines,  tanks,  accumu-  Mr.  Bryan, 
lators,  etc.,  required  by  the  hydraulic  largely  offset  the  disadvan- 
tages named. 

The  addition  of  elevator  service  to  an  electric  lighting  load  need 
not,  as  Mr.  Bolton  states,  necessitate  an  uneconomical  size  of  driv- 
ing engine.  The  modern  electric  elevator  is  counterbalanced  to  its 
average  live  load,  and,  in  average  service,  uses  practically  the  same 
power  in  both  directions.  Where  a  number  of  elevators  are  operated 
on  schedule,  the  work  approximates  a  fairly  constant  average  and 
rarely  exceeds  one-fourth  of  the  lighting  load  already  on  the  engine. 
As  the  starting  current  is  now  kept  within  25%  of  the  operating 
current,  it  is  evident  that  the  maximum  changes  of  elevator  load  have 
a  comparatively  small  effect  on  the  total  engine  load.  Modern  en- 
gines and  generators  are  proportioned  to  carry  from  one-third  to 
one-half  overload  for  short  periods.  This  they  do  reliably  and 
safely,  although,  of  course,  at  reduced  efficiency.  As  the  excess 
starting  current,  however,  occurs  only  at  intervals  and  continues 
but  a  few  seconds,  it  can  safely  be  cared  for  by  the  overload  capacity, 
and  need  not  be  considered  in  determining  engine  dimensions. 

The  hydraulic  plant  requires  two  independent  pumping  engines, 
one  for  regular  service,  and  one  for  reserve,  also  suction  and  dis- 
charge tanks,  accumulators,  regulators,  air-pumps,  pipe  connec- 
tions, etc.,  all  of  which  occupy  increased  space  and  add  to  the  com- 
plexity of  the  plant  and  its  first  cost,  and  detract  from  the  sym- 
metry and  convenience  of  arrangement.  All  this  is  avoided  with 
electric  elevators,  where  the  generators  to  be  installed,  at  least  for 
light  and  power  service,  need  only  be  increased  slightly  in  size. 

The  speaker  recently  made  a  test  of  a  plant  of  eight  modern 
electric  elevators  of  the  drum  type,  five  being  heavy  freight  ma- 
chines, and  three  passengers,  speeded  at  400  ft.  per  min.  Tests 
were  made  for  full  mile  runs  in  each  case  for  round  trips,  stopping 
only  at  terminals.  The  average  for  the  entire  series  of  experiments 
was  as  follows: 

Empty  car 2.25  kw-hr.  per  car-mile. 

Balanced  car 2.04   "    "     "      "      " 

Eated   load    2.66    "     "      "      "      " 

Maximum  load  (25%  above  rated).. 3.61    "     "      "      "      " 

The  cars  were  all  balanced  to  their  average  load  which  is  about 
one-half  the  rated  load.  Average  stops  were  probably  about  every 
three  floors.  Unfortunately  no  tests  were  made  to  determine  the 
effect  of  starting  load  on  efficiency,  but,  accepting  Mr.  Brown's 
figures  on  page  176,  they  would  probably  increase  the  consumption 
about  one-third,  which  would  indicate  that  the  average  performance 
of  this  entire  plant  in  regular  service  is  within  3  kw-hr.  per  car-mile. 

As  both  Mr.  Bolton  and  Mr.  Brown  seem  to  be  of  the  opinion 
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Mr.  Bryan,  that  the  first  cost  of  an  electric  plant  is  greater  than  that  of  a 
hydraulic,  some  further  reference  to  this  point  may  be  interesting. 
It  is  particularly  difficult  at  this  time,  with  the  complicated  rela- 
tions existing  between  the  manufacturers  and  the  trade,  to  secure 
figures  which  are  strictly  competitive  and  which  are  upon  the  same 
equitable  basis. 

The  speaker  has  gone  through  his  papers  covering  the  various 
elevator  contracts  which  have  passed  through  his  office  during  re- 
cent years,  and  finds  but  one  where  an  exact  comparison  can  be 
made.  This  is  the  Grand  Leader  Department  Store,  St.  Louis, 
where  a  plant  of  five  hydraulic  elevators  was  installed  in  1897,  for  a 
lift  of  90  ft.  Four  were  passenger  elevators  with  a  capacity  of 
3  000  Ib.  at  200  ft.  per  min.,  and  one  freight  with  a  capacity  of  3  500 
Ib.  at  175  ft.  per  min.  This  plant  was  of  the  inverted-vertical, 
plunger-pushing  type.  Its  cost,  including  two  horizontal  com- 
pound plunger  pumping  engines,  working  against  800  Ib.  pressure, 
with  steam  accumulator,  and  all  pipework,  chain  counterbalance, 
-  discharge  tank  in  attic,  steel  guides,  passenger  cars,  etc.,  was 
$13  825.  An  electric  plant  for  the  same  service  would  have  cost 
$12  800,  which  included  an  allowance  for  increasing  the  size  of  gen- 
erating units  to  take  care  of  the  elevator  load.  The  current  con- 
sumption of  the  electric  plant  was  guaranteed  to  be  within  3.7  kw-hr. 
per  car-mile,  or  5  h.  p-hr.  The  electric  engines  were  purchased 
under  a  guarantee  of  26  Ib.  steam  per  i.  h.  p-hr.  (afterwards  ful- 
filled under  test),  and  would  probably  not  have  required  over  30  Ib. 
on  average  loads,  or  40  Ib.  per  electrical  horse  power  hour  at  the 
motors,  making  a  total  of  200  Ib.  of  steam  per  car-mile.  The 
hydraulic  plant  required,  under  test,  8  h.  p-hr.  and  444  Ib.  of  steam 
per  car-mile,  which  figures  were  within  the  builder's  guaranty. 
The  hydraulic  elevators  were  adopted  in  this  case  on  account  of  the 
severe  service  anticipated — full  loads  and  stops  at  every  floor  in 
both  directions — and  the  comparative  newness  of  the  electric  elevator 
at  that  day,  and  the  lack  of  experience  as  to  its  reliability  in  hard 
service.  The  figures  were  strictly  competitive,  as  there  was  a  hard 
fight  between  the  representatives  of  the  two  systems.  Both  figures 
were  probably  lower  than  fair  figures,  even  at  that  day,  and  are 
still  less  than  what  would  be  considered  fair  prices  under  present 
conditions.  The  speaker  knows  of  no  reason,  however,  why  the 
same  relative  difference  should  not  hold  good  to-day. 

It  is  true  that  the  elevator  mechanism  proper  costs  less  for 
hydraulic  than  for  electric  plants,  but  the  reverse  is  true  of  the 
generating  plant.  It  is  rarely  necessary  to  increase  the  capacity  of 
an  electric  plant  more  than  20%  on  account  of  the  elevators.  This 
involves  no  great  cost,  and  does  not  disturb  the  symmetry  of  arrange- 
ment. For  a  hydraulic  plant,  however,  the  addition  of  two  large 
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pumping  engines  with  the  necessary  suction  and  discharge  tanks,  Mr.  Bryan, 
accumulator,  pipe  connections,  etc.,  adds  materially  to  the  first  cost, 
to  the  difficulty  of  finding  space  for  same,  and  of  a  symmetrical  and 
compact  arrangement  for  the  entire  plant. 

To  sum  up,  it  seems  to  the  speaker  that  the  superiority  at  the 
present  time  of  the  hydraulic  elevator  for  high-speed  schedule 
service  in  tall  buildings  is  beyond  question,  but  that  for  all  other 
plants — and  these  comprise  90%  of  the  elevators  installed — the  elec- 
tric elevator  of  the  present  successful  drum  type  is  without  a  peer. 

It  may,  perhaps,  be  unnecessary  for  the  speaker  to  mention  that 
he  has  only  a  professional  interest  in  this  matter.  He  has  a  high 
admiration  for  the  modern  hydraulic  elevator  and  fully  appreciates 
its  merits  for  severe  service.  His  only  desire  is  that  the  electric 
elevator  of  to-day  be  here  given  that  credit  for  high  adaptability 
over  a  wide  range  of  service  to  which  its  record  entitles  it. 

SAMUEL  G.  HOMFRAY,  M.  INST.  C.  E.,  London,  England. — Mr.  Mr.  Homfray. 
Brown's  paper  refers  more  particularly  to  elevator  practice  in  the 
United  States,  and  the  practice  seems  to  be  a  following  out  of  what 
has  been  done  in  England  for  a  somewhat  considerable  interval  of 
time.  Hydraulic  machinery  was  first  introduced  into  England 
about  1845  by  the  late  Lord  Armstrong,  then  Mr.  Armstrong.  It 
was  first  actuated  by  a  natural  head  of  water,  then  by  a  head  from 
an  elevated  tank,  and  was  very  much  improved  by  Mr.  Armstrong's 
invention  of  the  hydraulic  dead- weight  accumulator  which  rendered 
high  pressure  possible.  A  pressure  of  700  Ib.  per  sq.  in.  was  that 
fixed  on  by  Mr.  Armstrong  nearly  50  years  ago,  and  that  pressure 
has  been  but  little  departed  from,  except  in  special  cases,  as  on 
board  ship,  where,  in  order  to  keep  down  the  size  of  the  machines 
and  pipes,  a  pressure  of  1  000  Ib.  per  sq.  in.  is  used,  and  in  the  case 
of  riveting  and  other  portable  machines,  where  the  pressure  is  com- 
monly 1  500  Ib.  per  sq.  in.,  while  for  heavy  press  work  much  higher 
pressures  are  used. 

The  early  elevators  made  in  England  were  of  the  suspended  pat- 
tern, having  piston  valves  with  perforated  linings,  very  much  the 
same  as  those  adopted  in  America  a  good  many  years  afterwards. 
Suspended  lifts  then  gave  way  to  direct-acting  ram  lifts,  only  to  be 
again  introduced  later.  Now  each  case  is  decided  on  its  own 
merits.  If  the  height  of  lift  is  low,  a  direct-acting  ram  is  most 
generally  used  and  is  the  cheapest.  If  the  lift  is  considerable,  the 
suspended  pattern  is  preferred.  In  England,  electric  lifts  are 
being  used  to  some  extent.  They  have  been  put  in  some  of  the  Lon- 
don underground  railways  and  accomplish  their  purpose,  but  the 
speaker  understands  that  the  maintenance  cost  is  considerable,  espe- 
cially in  the  pilot  motors  and  other  devices.  Recently,  hydraulic 
lifts  worked  by  electric  motors  pumping  water  under  pressure  into 
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ir.  Homfray.  an  accumulator  have  been  provided  for  underground  railways  in 
London. 

The  speaker  has  seen  a  number  of  elevators  in  use  during  the 
short  time'  he  has  been  in  America,  elevators  being  used  here  to  a 
much  greater  extent  than  in  England,  owing  to  the  very  high  build- 
ings, and,  for  the  same  reason,  they  are  worked  at  a  much  greater 
speed.  It  appears  that  for  high  lifts  and  speeds  the  hydraulic 
elevator  is  much  more  largely  used  than  the  electric. 

Jn  Mr.  Brown's  paper,  air  vessels  are  shewn  in  some  of  the  illus- 
trations. In  England,  air  vessels  are  not  used  in  connection  with 
water-pressure  machinery  if  it  can  be  avoided,  dead-weight  accumu- 
lators being  much  preferred.  Air  vessels  are,  however,  sometimes 
used  on  board  ship  in  the  form  of  vertical  tubes,  in  which  the  volume 
of  air  is  not  much  less  than  that  of  the  water  at  the  working  pressure. 

Steam  accumulators  are  but  little  used  in  England.  Such  ap- 
pliances cannot  correctly  be  termed  accumulators.  A  pump  de- 
livering into  a  steam  accumulator  is  merely  one  small  pump  deliver- 
ing into  a  larger  one.  With  the  steam  accumulator,  at  the  moment 
there  is  a  large  draft  on  its  water  storage  a  considerable  volume  of 
steam  is  taken  from  the  boiler,  at  the  same  moment  that  it  is  also 
wanted  for  the  pump. 

For  pumping  engines  used  in  connection  with  lifts  and  hydraulic 
machinery  generally,  fly-wheel  engines  are  almost  universally  used 
in  England  in  preference  to  direct-acting,  or  Worthington  piimps. 
The  fly-wheel  engine  responds  to  the  calls  upon  it  more  quickly,, 
and  higher  speed  can  be  got  out  of  it,  and  the  economy  also  is  con- 
siderably greater. 

The  speaker  thinks  that  what  Mr.  Brown  has  said  with  regard  to 
Mr.  Bolton's  criticisms  is  quite  in  accordance  with  English  views, 
where  it  is  certainly  considered  that,  while  there  are  cases  in  which 
electric  elevators  could  be  applied  with  advantage,  all  conditions 
being,  equal,  hydraulic  elevators  are  much  to  be  preferred.  Also 
that  for  long  lifts  and  fast  working,  a  suspended  hydraulic  hoist  is 
to  be  preferred  to  the  direct-acting.  For  the  very  long  lifts  men- 
tioned by  Mr.  Bolton  and  Mr.  Brown,  direct-acting  rams  would  be 
regarded  with  very  considerable  doubts  in  England. 

The  author  refers  to  lifts  worked  by  two  different  pressures,  and 
it  is  said  that  when  the  high  pressure  was  being  used,  if  the  load 
did  not  require  the  full  pressure,  a  certain  quantity  of  low-pressure 
water  would  be  taken  into  the  cylinders.  Something  of  this  sort 
was  tried  in  England  with  injector  valves,  some  25  years  back,  but 
was  not  found  to  be  of  much  use.  When  there  was  no  load  to  be 
dealt  with,  or  very  little  load  indeed,  a  very  fair  quantity  of  low- 
pressure  or  slack  water  was  taken  into  the  cylinder,  but  as  soon  as  a 
load  came  on,  the  quantity  of  slack  water  taken  in  fell  off  rapidly, 
owing  to  the  velocity  of  the  high-pressure  water  passing  through 
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the  valve  being  reduced  when  it  met  with  resistance.  Slack  water  Mr.  Homfray. 
only  was  used.  Possibly,  if  water  of  some  pressure  were  used,  the 
effect  would  be  improved.  In  hydraulic  machines,  well-designed  in 
all  parts  and  their  power  kept  down  to  what  is  necessary,  the  ques- 
tion of  economising  in  the  matter  of  a  little  water  is  not  of  such 
very  great  moment. 

THOMAS  E.  BROWN,  M.  AM.  Soc.  C.  E.,  New  York  City.  (By  Mr.  Brown, 
letter.) — All  the  gentlemen  taking  part  in  this  discussion  seem  to 
agree  with  the  writer  that  for  the  heavy  duty  and  high  speeds  in- 
cident to  office-building  service,  the  hydraulic  elevator  is  superior 
to  the  electric  drum  elevator;  but  the  writer  believes  that  with  such 
improvements  as  may  be  reasonably  expected  in  the  near  future, 
newer  types  of  electric  elevators  (perhaps  on  the  lines  of  those  shown 
in  Pigs.  11  and  12)  may  at  least  equal  the  hydraulic  elevator  in 
service  and  safety,  if  not  in  power  efficiency. 

The  electric  elevator,  under  certain  conditions,  fills  a  place  that 
cannot  be  filled  by  the  hydraulic  elevator,  as  it  can  be  used  where 
power  is  not  generated  on  the  premises,  by  the  use  of  current  from 
distributing  stations.  This  enables  elevators  to  be  used  in  the  less 
important  buildings,  where,  were  it  necessary  to  install  a  power 
plant,  the  first  cost  and  cost  of  attendance  would  practically  pro- 
hibit the  use  of  elevators  at  all. 

The  electric  elevator  is  eminently  suitable  to  push-button  (auto- 
matic) control,  enabling  attendants  to  be  dispensed  with,  and  there- 
fore is  peculiarly  suited  to  private  and  apartment  houses,  and  similar 
light  service. 

It  is  true  that  hydraulic  elevators  can  be,  and  formerly  were, 
frequently  operated  from  street  water  'mains,  but  the  fluctuations  of 
pressure  and  cost  of  water  made  this  equally  objectionable  to  both 
companies  and  owners,  and,  except  in  a  few  localities,  this  practice 
has  been  discontinued. 

It  may  be  safely  stated  that  wherever  power  cannot  be  advan- 
tageously produced  on  the  premises,  and  electric  power  may  be  ob- 
tained outside,  the  direct  electric  elevator  can  best  be  used.  Where 
power  is  produced  on  the  premises,  the  conditions  of  the  particular 
case  must  be  carefully  studied  before  a  decision  can  be  reached  as 
to  the  best  type  of  elevator  to  use. 

There  are  many  cases  where  hydraulic  elevators  are  operated  by 
electric  pumps,  notably  the  plant  described  by  Mr.  Harrison,  which 
does  credit  to  its  designers,  and  which  is  eminently  suited  to  the 
conditions  for  which  it  was  designed;  and,  while  there  always  will 
be  special  cases  in  which  such  an  arrangement  is  desirable,  the 
general  fact  remains  that  direct  electric  elevators  are  more  economi- 
cal in  current  consumption  than  hydraulic  elevators  driven  by 
electric  pumps. 

For  the  same  conditions  of  speed  and  load,  the  hydraulic  ele- 
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Mr.  Brown,  vator,  without  the  power  plant,  is  generally  cheaper  in  first  cost 
than  the  electric. 

If  an  equally  efficient  power  plant  has  to  be  supplied  to  both,  the 
hydraulic  will  still  be  the  cheaper;  but  if  a  portion  of  the  cost  of 
the  electric  generating  plant  can  be  charged  to  lighting,  or  other 
purposes,  the  electric  may  or  may  not  be  the  cheaper,  according  to 
the  amount  that  may  be  properly  charged  off. 

Mr.  Bryan,  in  Class  A,  compares  a  pumping  apparatus,  now 
practically  obsolete,  with  the  class  of  engine  now  usually  installed. 
In  Class  B,  he  compares  the  most  ordinary  type  of  pumping  ap- 
paratus with  a  class  of  engine  used  in  the  better  class  installations. 
In  Class  C,  he  compares  a  quite  usual  type  of  pumping  apparatus 
with  an  engine  only  used  occasionally  in  special  cases  of  magnitude. 

Mr.  Bryan's  assumptions  of  steam  consumption  are  based  on  the 
engine  running  continuously  at  its  economical  load,  a  point  at 
which  it  may  not  be  more  than  an  instant  at  a  time,  and  certainly 
but  a  small  proportion  of  the  total  time,  and  the  engine  must  run 
all  the  time. 

His  assumptions  of  steam  consumption,  therefore,  can  only  be 
reached  when  the  fluctuations  of  power,  due  to  the  elevator  service, 
are  insignificant  in  comparison  with  the  total  output,  a  condition 
which  may  be  approached  when  the  supply  is  taken  from  a  large 
central  station,  but  cannot  even  be  approximated  with  an  isolated 
plant  without  the  aid  of  a  storage  battery.  On  the  other  hand,  the 
pumping  engine,  when  properly  proportioned,  works  practically 
against  a  constant  head,  with  a  constant  cut-off,  and  a  fairly  con- 
stant speed,  and  when  not  doing  this  it  is  stopped. 

With  a  well-designed  hydraulic  elevator  plant,  maintaining  a 
•constant  running  schedule,  the  pumping  engine  may  run  for  hours 
at  constant  speed  against  constant  load,  the  ideal  conditions  of 
economy. 

Mr.  Bolton's  severe  criticism  of  the  plunger  elevator  when  ap- 
plied to  the  high  rises  now  attempted  (from  250  to  .300  ft.  and  over), 
is  entirely  justified.  The  great  mass  in  motion  requires  excessive 
underbalance  to  admit  of  reasonable  length  of  stops  in  upward 
motion;  but  unfortunately  each  increase  of  underbalance  increases 
the  necessary  length  of  down  stop,  to  avoid  bucking  of  the  plunger. 
Hence  what  is  gained  in  one  direction  is  lost  in  the  other,  and  for 
this  reason  this  type  of  elevator,  of  high  rise,  can  never  equal  the 
service  of  the  suspended  type.  Observations  of  actual  operation 
indicate  that  at  least  25%  more  plunger  elevators  are  required  to 
perform  the  same  service. 

The  writer  agrees  with  Mr.  Homfray  that  plungers  (practically 
columns),  from  200  to  300  ft.  long,  but  74  in.  in  diameter,  and  less 
than  |  in.  thick,  may  be  looked  upon  with  considerable  doubt.  It 
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is  claimed  that  such  plungers  are  partially  in  tension,  and  do  not  Mr.  Brown, 
act  as  columns,  and  this  may  be  true  under  static  conditions ;  but  a 
moment's  reflection  will  show  that  a  down  stop  in  a  reasonable  dis- 
tance results  in  compression  of  the  plunger  from  end  to  end. 
Weighting  the  lower  end  of  the  plunger  with  lead  has  been  resorted 
to  in  some  cases  to  modify  this,  but  with  the  effect  of  increasing 
an  already  great  mass. 

The  writer  has  stiffened  slender  plungers  by  using  traveling 
guides,  reducing  the  unsupported  length  to  one-half;  and  as  there 
is  no  great  practical  difficulty  in  applying  such  stiffeners,  reducing 
the  unsupported  length  to  any  degree  desired,  he  believes  that  long 
plungers  should  be  so  supported. 

The  plunger  elevator,  limited  to  its  proper  conditions  of  rise, 
load  and  speed,  is  an  excellent  machine;  but  the  writer  has  no 
patience  with  those  who  endeavor  to  make  one  type  of  machine, 
however  unsuited,  fill  all  conditions;  as  well  trust  the  physician 
who  prescribes  but  one  cure,  or  the  lawyer  who  knows  but  one  law. 


wsssSSsss- 


WK 

NOMIEIIEWABIJE 


DUE  2  WKS  FRO    DATE  RECEIVED 


A     000  351  087 


